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"COVPLEX, OLEFI N POLYMERI ZATI ON CATALYST AND PROCESS FOR PRODUCI NG
OLEFI N POLYMERS TECHNI CAL FI ELD The present

I nvention relates to a transition melt al conpl ex useful as an olefin

pol yneri zati on cat al yst conponent, an ol efin polynerization catal yst

5 and a process for producing oIefin polymers. In nore particul ar,

it relates to a transition netal qPIex useful as an olefin

pol ymeri zati on catal yst conponent ECIEFGAT s a | i gand conprising an
aromatic ring having a hetero atomin the substituent and a

cycl opent adi enyl 10 ring linked with each other by a hetero atom an
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using a netal - | ocene conpl ex. For exanple, JP-A-58-19309 discloses a
process for producing olefin polymers which uses a net al | ocene
conpl ex and an al um noxane. The process has . a problemin that when

ol ein is pol yneriecHNIG@ATh RIBLD 20 . di scl osed catal yst which uses
bi s(cycl opent adi enyl ) -
: The present invention relates to a transition

‘metal complex useful as an olefi@ polymerization
catalyst component, an olefin polymerization cétalyst

5 and a process for producing olefin polymers. In more
particular, it relates to a transition metal complex
useful as an olefin polymefization catalyst component
which has a ligand comprising an aromatic ring having a
hetero atom in the substituent and a cyclopentadienyl

10 ring linked with each other by a hetero atom, an olefin

polymerization catalyst and a process for producing

olefin polymers.

BACKGROUND ART
A number of reports have already been made on
15 the process for producing olefin polymers using a metal-
locene complex. For example, JP-A-58-19309 discloses a
process for producing olefin polymers which uses a
metallocene complex and an aluminoxane. The process has
a problem in that when olein is polymerized with the
20 disclosed catalyst which uses bis(cyclopentadienyl)-

zircnonium dichloride and methylaluminoxane, the



zi}cnoqiun1dichloride and net hyl al um noxane, the
nol ecul ar wei ght of the olefin polynmer obtained is | ow

2

The® speci fication of W87/02370 di scl oses that

problemis inproved by a transition netal conplex having a |igand
conprising two phenoxy 5 groups |inked each ot her by a sul fur atom
However, the

(6-tert-butyl

i b | al 1 i h . .y s
Lot s ant ol bent o EAY BBR0e nent i bheR b 18R B0 improved by a transitien

catal ytic acti

Ptal ormien solad!aclogila (onliongvero ghahsegl o )

of view ough t rwei gt mer produced is
i mproved. s groups linkdd®-éach 168REB ¥y s&! O8Efud Atomsi LHEWeWBER! the
conpl ex which has a |igand conprising a cycl opent adi enyl ring and

am no group |i ngpsitémedbéelbyed 5nlWOS7/02370 whdch nes®! §,2’-thiobis-~
(tert-butyl-am do)di nethyl (tetranmethyl- 20 cycl opent adi enyl ) si | ane
zi rconi um di chl pf+tert-butyl-4-methylphienexy)titaninmndichboride adndonpl ex

has yet
di enyl
substit
at om

been known whi ch has a |igand conprising a cycl opent a-

ri ng andeethylakemivoxameg angialsoxygystemndisclosed ipeIP-A-5-

uent
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| i nked with each ot her by a sul fur atom 25 0

230133 which uses 2,2 -thiobis(6-tert-butyl-£—£é€hyl
phenoxy)titanium dichloride, triisobutylaluminum and
triphenylmethane tetrakis(pentafluorophenyl )borate
involve a problem in that the éatalytic activity is
unsatisfactorily low from the industrial point of view
although the molecular weight of the polymer produced is
improved. _

JP-A-3~163088 discloses a transition metal
complex which has a ligand comprising a cyclopentadienyl
ring and an amino group linked thereto by a silicon
atom, namely, (tert-butyl-amido)dimethyl(tetramethyl-
cyclopentadienyl)silane zirconium dichloride.

However, no transition metal complex has yet
been known which has a ligand comprising a cyclopenta-
dienyl ring and an aromatic ring having oxygen atom in
the substituent linked with each other by a sulfur atom
or a phosphorus atom.

In recognition of the situation, the objects

of the present invention are to provide a transition

metal complex useful in industrial process as an olefin

t he above- menti oned
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I e recognition of the situation, the objects of the present invention
are to provide a transition ~metal conplex useful in industrial
pr-ocess as an ol efin 3

. pol ynerization catal yst conponent which has a |igand- conprising an
aromatic ring having a hetero atomin the 3 substituent and a

cycl opentadi enyl ring linked with each other by.a hetero atom and to

provide a hi ghl PO3gmerd zasion, catiad vigh FompoRanty wilah has a;ddgans ocess
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transition Betaly1dfam PolARrie4ich atalyst and a process for

producing olefin polymers.

DISCLOSURE OF THE INVENTION
The present invention relates to a transition
metal complex represented by the following formula [1],
10 an olefin polymerization catalyst containing the
| transition metal complex and a process for producing

olefin polymers which uses the catalyst,
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wherein M is a transition metal atom of the group 4 of
15 the periodic table of elements; Cp is a group having a

cyclopentadiene type anionic skeleton; A and G are each

a difalent residue containing an atom of the group 15 or

16 of the periodic table of elements and may be the same



15 the periodic table of elenents; Cp is a group having a

cycl opent adi ene type anionic skeleton; A and G are each a dival ent
resi due containing an atom of the group 15 or 16 of the periodic
tabl e of elenments and may be the sane

4 with or different fromeach other; %[err], Xerr], Rerr], Rerr],

d .R4 h_i d I d . h
A E;[l oroup w Wit R BRUAREr SBFREQPEOR ARG ChhoE o8 s L1 Mo Rondt] #Ad
titut ith,at | t hal | kvl ith_th
unber of car bofl. AEHeRM AAREeRa st 1l nydgoadhliion, HEHPHRh F tPs
hal t | . |t f f 6-20
opt 1 onal 1y subsBrlLedroRpy wathy e nhpbnt B EREhel aCBhE 0I4RED, 0| o

silyl group “‘tEPEEBPQE e%uBEtﬁ%ﬁggﬁ @&QﬁsagggeasQfokéZQaQB sanally,

Substituted wt east one halo m al koxy grodp wth the

nurmber of cgrbogrghRYs QEoﬁP with tBe aBhberabley cawBshl bibse WEtH-Q%_|Gan
one hal ogen atom “aral kyl oxy group with the nunber of carbon atons

of 7-20 optionabpyisHhitit suBdtiichiRed! whieAshtoneakil eaeNhaldgenda@dm,

aryl oxy group with the nunber of carbon atons of - 6-20 optionally
substituted w thrgl geeap etiehhzhegaamber ofatatbon ditomsbsifi Hu+2€d am no
group with the nunber of carbon atons of 2-20, provided that Rerr],
Rlerr], Rerr] aptiBhedlly smpstitutedpwithablty leasiti paewhallogeohadsomer t o
formaring; Lis 20 a Lewis base; and wis an integer of 0-2. (1)
Transiti on net aBubgkhtaked silyl group with the numpert odncazbam adepisex

represent ed by . . .
10 of 1-20 optionally substituted with at least one halogen

atom, alkoxy group with the number of carbon atoms of 1-
20 optionally substituted with at least one halogen
atom, aralkyloxy group with the number of carbon atoms
of 7-20 optionally substituted with at least one halogen
15 atom, aryloxy group with the number of carbon atoms of
6-20 optionally substituted with at least one halogen
atom or di-substituted amino group with the number of
carbon atoms of 2-20, provided that R!, R?, R® and R* may
optionally combine with each other to form a ring; L is
20 a Lewis base; and w is an integer of 0-2.
(1) Transition metal complex
In the transition metal complex represented by
the formula [1] used in the present invenﬁion, M is a
transition metal atom of the group 4 of the periodic
25 table of elements (Nomenclature of Inorganic Chemistry,
IUPAC, revised ed., 1989) and is preferably a titanium,
zirconium or hafnium atom. |

In the transition metal complex represented by



the formula [1] used in the present invention, Mis a transition
netal atom of the group 4 of the periodic 25 tabl e of elenents

(Norrencl ature of | norganic Chem stry, | UPAC, revised ed., 1989) and
is preferably a titanium zi rconi um or_haf ni um at om

In the transition netal conplex represent ed dy

5 t he fornul

group having a cycl opent adi
ani oni ¢ skel eton® ﬁ%p%&??%@ eiéﬂpl@? EﬁePeEFgup ZVﬁeguae°¥ﬁ§°Pentadl
cycl pent adi enyl group h enta'

di net hyl cycl open XBFeﬁ?FOBF ﬂﬁfhyﬁpecéfg%cﬁ%ﬁgﬂiﬁﬁiEH?FeSFoup,
tetranethylcyclogﬁgiggéegxgi Xc}peﬂEQHEeng %ESXﬁloﬁgghg F§§ H%F%group o

n- propyl cycl o- penta group,;

bUty'CyC'Ope”tad&EEMglgﬁgpﬁgfzﬁﬁmQEhg EhB SHEQQ%EH&hegFgHPe ?Eﬂethgl-

tert-butyl cycl opent adi up, cyc grou
trlnEthy|S||§|CY@&@QGPEQG&&Q&hyQFQHBu tetrhﬁé@ﬁyhcngaﬁenﬁﬁaﬁéhyﬁdeny|
group, di methylindeny gr oup, F | i ndenyl group, n-propylindenyl
group, |sogr0ﬁpl|adnyybygnapantadbéhynlgdeﬁpl g-puppydegclo-
butyl i ndenyl group, tert-butylindenyl group, phenyl- 15 I ndenyl group,
trimet hyl silylingengaddgenyp, gkbupy, ehgbpropylcygchopentatdhghf/lugrenpl, group,
di met hyl f I uorenyl group,. et hyl fl uorenyl group, diethylfluorenyl
group, n- butpycyclopenyadieoyp, gatoup, psepybitydcyaybpgntagienyl

I sopropyl fl uorenyl roug di i sopropyl fluorenyl group, n- 20
butyl f | uorenyl ¢g888BP.d eﬁtbbpyvﬂpﬁs#eaﬁntaééasylsagoup, phenylcyclo-

10 pentadienyl group, trimethylsilylcyclopentadienyl group,

ehe”

indenyl group, methylindenyl group, dimethylindenyl
group, ethylindenyl group, n-propylindenyl group,
isopropylindenyl group, n-butylindenyl group, sec-
butylindenyl group, tert-butylindenyl group, phenyl-

15 indenyl group, trimethylsilylindenyl group, fluorenyl
group, methylfluorenyl group, dimeﬁhylfluorenyl group,
ethylfluorenyl group, diethylfluorenyl group, n-
propylfluorenyl group, di-n-propylfluorenyl group,
isopropylfluorenyl group, diisopropylfluorenyl group, n-

20 butylfluorenyl group, di-n-butylfluorenyl group, sec-
butylfluorenyl group, di-sec-butylfluorenyl group, tert-
butylfluorenyl group, di-tert-butylfluorenyl group,
phenylfluorenyl group, diphenylfluorenyl group,
trimethylsilylfluorenyl group and ditrimethylsilyl-

25 lfluorenyl group, preferred of these being the cyclo-
pentadienyl group, methylcyclopentadienyl group,
tetramethylcyclopentadieny1 group, indenyl group,

methylindenyl group and fluorenyl group.



butylfluorenyl group, di-sec-butylfluorenyl group, tert-

butyl fl'uorenyl group, di-tert-butylfluorenyl group, phenyl f | uor enyl
group, di phenyl fluorenyl group, trimethylsilylfluorenyl group and
ditrimethylsilyl- 25 fluorenyl group, preferred of these being the

cycl o- pent adi enyl group, met hyl cycl op®ent adi enyl group,

Lot ramet hy) cycl opent adt enyl, 0L RUPe - bRITRYbn hetR1 comp1eR®+ilsestatbn 80P

In th d b A and
G?aﬁeeeggﬁhzlé:Sg?gn%gFgggautgﬁ rgp asgt%FﬁggaﬁhaFoﬂngE guﬁpﬁgéLTS o? 16
S drvarent g ofgntaiizhg gh %*éﬁe?k e8! BRohEs 18, B2 1B g enbobpgiBTRLC
and groups feSU'%hBQefBQWEEéﬂghEQ th§u890¥651dues Hﬁgtbene@oQ'éﬁkﬁﬁ&sgfoups

wi th a dival ent group of the unbe no- hydrogen atons of
[erL] . 5 diGaméﬁtegﬂoE@QFEbptésénﬁéhoﬁ§ntﬁé0HblmﬁdiﬁéaéEQﬁcﬂﬁQHm
wth the

formulas and groups resulting frbm lihking the above-
mentioned divalent groups with a divalent group of the

number of no-hydrogen atoms of 1-20:

E?
s © —_—S—, —S=8— , —‘SO‘— ’ _&S‘)— ’
o S BX%;
T 11} )y
T i el el

10 wherein R’ is a halogen atom, hydrocarbon group with the
number of carbon atoms of 1-20 or halogenated hydro-
carbon group with the number of carbon atoms of 1-20,
and is preferably an alkyl group with the number of
carbon atoms of 1-20 optionally substituted with at-

15 least one halogen atom, aralkyl group with the number of
carbon atoms of 7-20 optionally substituted with at
least one halogen atom or aryl group with the number of
carbon atoms of 6-20 optionally substituted with at

least one halogen atom; and X3 is a hydrogen atom or



nueber of carbon atoms of 1-20 or hal ogenat ed hydr o- carbon group with

t he nunmber of carbon atons of 1-20, and is preferably an al kyl group
wi th the nunber of carbon atonms of 1-20 optionally substituted with at
15 | east one hal ogen atom aral kyl group with the nunber of car bon
atons of 7-20 optionally substituted with at? | east one hal ogen atom
or aryl group with_the nunber of carbon atons of 6-20 optionally
substituted withhalogen atogpst one hal ogen at om and X[err] is a hydrogen

atom or r%: ggen atom
Ais preferably an oxygen & &% Rr§ferably an Oﬁ‘ﬁ@leé’r AP 208 Faliént group

represented by the foII rrj

| f
5 wherein R err] p&ﬁ g)w] ardévfa&gtrllé%toglé’afgpgkgﬁn%&/gy the f°ll°"'ll

More preferably, qu%t%rgllvgl ‘i'ﬂﬁ:]l r,oup represented by the follow ng
structural fornula or ur at om [err]
S
—0— , —S— , —§-§— ,—-g~ , —Es%—- ,
BX®
Q 7 r
—_—pP —p—- , —P— , —P— | —N—
Bk Rk ks

5 wherein R’ and X® are the same as defined above.
More preferably, G is a divalent group
represented by the following structural formula or a

sulfur atom:

o) S BX%
1 " 1

__P_ , —P— -—-P—-— , __P_._
RS RS RS s/

wherein R® and X* are the same as defined above.

10 The halogen atom in X!, X2, R}, R?, R%>, R® and R®
may be a fluorine atom, chlorine atom, bromine atom or
iodine atom.

The alkyl group with the number of carbon
atoms of 1-20 in X!, X2, R!, R?, R®, R® and R’ is, for

15 example, the methyl group, ethyl group, n-propyl group,



wherein Rlerr] and X err] are the sane as defined above.

atons of 1-20 in Xferr], Xerr], Rerr], err], Rerr],

10

The hdl ogen atomin Xerr], Xerr], Rerr], Rerr], Rerr], Rerr] and
Rierr] may be a fluorine atom chlorine atom brom ne atom or

i odi ne at om The al kyl grgfp wi th the nunber of carbon

Rl

err] and Rlerr]

is, f 15 exanple, t t hyl hyl -

8 isopr g%@gr?%spfew”%w% nShotR St S trutet dhve? BBy,
roup, n-pen [ -

o ooty ot oup. REEE OB oub paneHl Waufttieopenchl UPani MRV 900 and

n-ei cosyl grou

r the i e eh byl
group, [ %%?%by?%‘?{of%&?%ﬁ' bﬂt?ﬁ%?oﬁ%ogﬁa ggnélélg&%%g%ﬁggp' hoY
These al kyl gr&%ﬁ@c?%YgféﬁpPpﬁLﬁéﬁtéae@?l group S&h&thisiedsidt fraetp) east

one hal ogen atom (f

ori ne atom T<chlorine atom brom ne atom i odine

atom) . Thes 10prefbkiéd 06OUthdbé béhrgnthbenethyl agboup at etbydf gtedp,

substituted with at | east one hal ogen atom may be, for

exanpl e, the

fluoronmet hyl gisoprogyll gooappt bgttgbotpl group andféamyplogeohpl group,
chl oronet hyl group, dichloro- met hyl group, trichloromethyl group,
bronmomet hyl group, 15 Thiéseoabkel hgrogpaupaytalbropbheraylygbeup,

i odornet hyl . group, diiodonethXI group, triiodonethyl
substituted with at least one halogen atom

(f

roup, fluoro-
luorine

atom, chlorine atom, bromine atom, iodine atom). The

10 alkyl group with the number of carbon atoms of 1-20

substituted with at least one halogen atom may be, for

example, the fluoromethyl group, difluoromethyl group,

trifluoromethyl group, chloromethyl group, dichloro-

methyl group, trichloromethyl group, bromomethyl group,

15 dibromomethyl group, tribromomethyl group, iodomethyl

group, diiodomethyl group, triioddmethyl group, fluoro-

ethyl group, difluoroethyl group, trifluoroethyl group,

tetrafluoroethyl group, pentafluoroethyl group, chloro-

ethyl group, dichloroethyl group, trichloroethyl group,

20 tetrachloroethyl group, pentachloroethyl group, bromo-

ethyl group, dibromoethyl group, tribromoethyl group,

tetrabromoethyl group, pentabromoethyl group, perfluoro-

propyl group, perfluorobutyl group, perfluoropentyl

group, perfluorohexyl group, perfluorooctyl group,

25 perfluorododecyl group, perfluoropentadecyl group, per-

fluoroeicosyl group, perchloropropyl group, perchloro-

butyl group, perchloropentyl group, perchlorohexyl

group, perchlorooctyl group, perchlorododecyl group,



ethyl group, difluoroethyl group, trifluoroethyl group,

tetraf l'uoroet hyl group, pentafluoroethyl group, chloro- : et hyl group,
di chl oroet hyl group, trichloroethyl group, 20 tetrachl oroet hyl group,
pent achl or oet hyl group, brono- et hyl group, dibronoethyl group,
tribronoet hyl group, t et rabr onoet hyl gPoup, pentabronoet hyl group,
perfl uoro- 0 group, erfluorobutyl group, perfluoropentyl
group, perfluoroﬁﬁ%¥$gkﬂ99ﬂ@ eiviaigll Rﬁﬁﬁh&°rqg}c°ﬁX%ﬂgﬂﬁﬁﬂbdodecyI

group, perfluoropentadecyl graqup er- f | uqr qei cos ro
per chl or opr opyl &;ﬁon}gér 37(9—’: up, P &I&Yﬁ Ig?ed%&?ﬂﬂ group,

per chl or ohexyl rou erchl orooct grou perchl or ododecy! roup
5 per chi orgﬁ R &ﬁ*‘gﬂoaré’”a@w Brhrgmeot iyl grbdp

per br ormopr opyl ﬁrggg YR ag oup,
per br onohexyl up, pe?%ronn C §&I5&%U per ronﬁgb ecy gfgtp,
perbronnpentgdecﬂeﬂwfyﬂbéyy$s Igﬁ&pronnelcosyl group.

The aral kyl group wth the nu of “car bon atons of 7-20 in Xerr],

Xerr], Rlerr], Rerr], R and ardiogl qehoRbeii sy dbdoios carbon
exanple, t he benzyl group, (2-nethylphenyl)nethyl group,

(3-net hyl phenyl ) micms off AH20 (i4r 4 hxt pheny R pertyIR* 4Ad RYrmasp,be, for
(2, 3-di net hyl phenyl ) net hyl group, (2, 4-dinethyl - phenyl ) net hyl group,
(2, 5-di met hyl phemgampdiehy [ther demzyl group, q-Zimesthydpheeryll metthyl gyronug,
(3, 4- |nethylphenyl) met hyl %{oup, (4, 6- dlnethylphenyl)nethyl group,
(2,3, 4 t r i (Femeuhylohenyismethyd @xneun2, (3 -Sethyheheriyhaethyl

10 group, (2,3-dimethylphenyl)methyl group, (2,4-dimethyl-

phenyl )methyl group, (2,5-dimethy1phenyl)methyi group,
(2,6-dimethylphenyl )methyl group, (3,4-dimethylphenyl)-
methyl group, (4,6-dimethylphenyl)methyl group, (2,3,4-
trimethylphenyl )methyl group, (2,3,5-trimethylphenyl)-

15 methyl group, (2,3,6-trimethylphenyl)methyl group,
(3,4,5-trimethylphenyl )methyl group, (2,4,6-trimethyl-
phenyl ymethyl group, (2,3,4,5-tetramethylphenyl )methyl
group, (2,3,4,6~-tetramethylphenyl)methyl group,
(2,3,5,6-tetramethylphenyl jmethyl group, (pentamethyl-

20 phenyl)methyl group, (ethylphenyl)methyl group, (n-
propylphenyl)methyl group, (isopropylphenyl)methyl
group, (n-butylphenyl)methyl group, (sec—butylphenyl)f '
methyl group, (tert-butylphenyl)methyl group, (n- |
pentylphenyl jmethyl group, (neopentylphenyl)methyl

25 group, (n~-hexylphenyl )methyl group, (n-octylphenyl)-
methyl group, (n—decylphenyl)methyl group, (n-decyl-
phenyl)methyl group, (n-tetradecylphenyl)methyl group;
naphthylmethyl group and anthracenylmethyl group,



15 methyl group, (2,3,6-trinethyl phenyl)methyl group, o -
(3,4,5-trinethyl phenyl)nethyl group, (2,4,6-trinethyl- phenyl ) net hyl

group, (2, 3,4,5-tetranet hyl phenyl ) net hyl group, (2,3, 4,

6-t et ranet hyl phenyl ) met hyl group,. (2,3 6-t et r anet hyl phenyl ) net hyl
group, (pentanethyl- 20 phenyl)nethyl gréQp, (ethylphenyl)nethyl group,
(n- - propyl phenyl ) net hyl group | soprop Iphe ) met hyl group,
(n- butyIphenyI)nEFﬁﬁgrﬁ?GuB¥ Egeéebbﬁypghghﬁ|¥enzy grﬁEPhyI group,

(tert-butyl phenyl) net hyl

t h h
(neopent yl phenyl ) net hyl ggﬁgQSr%Eﬁ}k¥ﬁ-ﬁ€B§B§K enxé%ﬁ§% éPSEBY Be .
bhenyl ) et hyl - br SHBStEKEERE wiShy A A80FT oAy RETPuRR 2 hn YeRBeskd TO0Y
group and anthraggg%lnghﬂgkl EO0HPom omine atom, iodine atom).

10 preferred of fhese elng tﬁe enzyl group. These

aral kyl groups may all optwaaahkylberoup witHbghk! HhSeW b @hrbBashtene
hal ogen atom (fl uori ne atom Chlorine atom brom ne atom i odine

atom. 5 of 6-20hgnagy) xf,omp, vm%hwbeRmaerbina?amqn fIrONS
of 6-20 in Xerr], Xerr], R[err], Rlerr], Rerr], Rerr] and R err] may

be, for exarphplel, hehphphghydr gupup?- Retylydr gupup3- Bekylyadr gupup,
4-tolyl group, 2,3-xylyl group, 2,4-xylyl group, 2,5- xylyl group,
2,6-xylyl group, 43talyyl groypeup, 33x¥iyyl group® 2,4rsypyl group, 2,5-

2,3, ri met hyl phenyl group, 2,3,5-trinmethyl- Ehenyl group
2,3
3,4

|

4-t

' 6-trimethyl pKEAYL greup, 2,6-sylyl groPPvnébﬁyKﬁ Ehygrgp§up3 5-xylyl
5-1

rlnethylphenyl group, .
group, 2, 3,4-trimethylphenyl group, 2,3,5-trimethyl-

phenyl group, 2,3,6-trimethylphenyl group, 2,4,6-
trimethylphenyl group, 3,4,5-trimethylphenyl group,
2,3,4,5-tetramethylphenyl group, 2,3,4,6-tetramethyl-
phenyl group, 2,3,5,6-tetramethylphenyl group, penta-

15 methylphenyl group, ethylphenyl group, n-propylphenyl
group, isopropylphenyl group, n-butyiphenyl group, sec-
butylphenyl group, tert-butylphenyl group, n-pentyl-
phenyl group, neopentylphenyl group, n-hexylpheﬁyl
group, n-octylphenyl group, n-decylphenyl group, n-

20 dodecylphenyl group, n-tetradecylphenyl group, naphthyl
group and anthracenyl group, preferred of these being
the phenyl group. |

These aryl groups may all optionally be
substituted with at least one halogen atom (fluorine

25 atom, chlorine atom, bromine atom, iodine atom).

The substituted silyl groups in X!, X%, R!, R?,
R} and R* refers to a silyl group substituted with at

least one hydrocarbon group. The hydrocarbon group may



3
J

2ﬁ3,4u5-tetranethylphenyl group, 2,3,4,6-tetranethyl - phenyl group,
2,3,5,6-tetranet hyl phenyl' group, penta- 15 nmet hyl phenyl group,

et hyl phenyl group, n-propyl phenyl group, isopropyl phenyl group,

n- but yl phenyl group, sec- but yl phenyl group, tert-butyl phenyl group,
n- pentyl - phenyl group, neopentyl phedy¥ group, n-hexyl phenyl

group, n-octyl phenyl group, n-decyl phenyl group, .n- 0 dodecyl_phenyl
group, n-tetradbeyl FRENGKABPAEP, 2Raphkly| ITOUP w&FBuﬁﬁgn&uE%Fﬁrﬁéenyly

group, preferred of these bei th h I . '

Ehfse aryl gr?gférhﬁy aipmagbggﬁaﬂPy EBCE gse%éﬁg r?%%pgg,wpfﬁy%tgFgggy one
al ogen atom (fluorine. 25 t hl ori ) I.0di

atony n-prowlmgo]gaﬁs?L%#@%ga‘s’fé: BrbeonsBury LR el
err], err], r : ; ih! Pty

w th at |E§§?lo EE% drg%§g5§%%gﬁggggh Rzlﬁgﬁﬁg ér%gﬁ&gﬁgﬁb nayYUIUted

be, for exagple g RRAl KihehaUR D) ahlde cyeTore roupt;ahen aal ey 101
1- 10, such as ngfhypggroup,&gt%yl group, n?g?bgyl gﬁoup, i sopr opyl

group, n-butyl group, $8¢h as phwiil gioupn, iStich lsuibsit igrnmed sidglut yl
group, n-pentyl 5 group, n-hexyl group and cycl ohexyl group, and an aryl
group, such as pfreups grithp thiuaumbehstift waedboni latoms of dr-Ahmap the.t he
nunber of carbon atons of 1-20 nay be, for exanpl e, nono-substituted
silyl groups wi tfort lexample ,nmeper-sobstdtvdedaisddy lofgrpups, vsifdh the
methylsiiyl 10 nu:rg)re%u%f ?:tarzl: IosnI Ia%:lomgsr %u la-r.lzdo ,phs%rclz | Sélsl >Illrlet(‘%lryoluspi’lyqli )

10 group, ethylsilyl group and phenylsilyl group, di-
substituted silyl groups with the number of carbon
atoms of 2-20, such as dimethylsilyl group, diethylsilyl
group and diphenylsilyl group and tri-substituted silyl
groups with the number of carbon atoms of 3-20, such as

15 trimethylsilyl group, triethylsilyl group, tri-n-
propylsilyl group, triisopropylsilyl group, tri-n-
butylsilyl group, tri-sec-butylsilyl group, tri-tert-
butylsilyl group, triisobutylsilyl group, tert-butyl-
dimethylsilyl group, tri—n-pentylsilyl group, tri-n-

20 hexylsilyl group, tricyclohexylsilyl group and
triphenylsilyl group, preferred of these being the
trimethylsilyl group, tert-butyldimethylsilyl group and
triphenylsilyl group.

.These substituted silyl groups may all

25 optionally be substituted with at least one halogen atom

(fluorine atom, chlorine atom, bromine atom, iodine

atom).

The alkoxy group with the number of carbon



substituted silyl groups with the nunber of carbon atons of 2-20,

such as dinethylsilyl group, diethylsilyl group and di phenyl silyl
greup and tri-substituted silyl groups with the nunber of carbon
atons of 3-20, such as 15 trimethylsilyl group, triethylsilyl group,
tri-n- propyl silyl group, triisopropy}l2ilyl group, tri-n-

butylsilyl group, tri-sec-butylsilyl roup grl-;ert- butyIS|IyI
group, triisobutdtans @f gkifh in éFt R’ AnfkiRy may Pe gfon

tri-n- pentyIS|IyI group, tri-n- hexyIS|IyI group, trlcyclohexyIS|IyI
group and AT | Iﬁqubrmppr%@’ﬁé&’&uﬁhéﬁpmwtgl’éouP'

trinmethylsilyl tert-butyld I
tri phenyl si |yl %‘iﬁf oSk gtode, buloRy dohy’ SR BTy 9T Rps may

al |

(fl uor2i5ne g{ogimorka%# ori ne&g?o‘#é"gé '&éﬁﬁalﬁ%&%P%e%%%P&P,

The al koxy Q{OU(F)}% Vﬁé{b *‘ﬁgx ernq; f%ﬁ[g n-d dec?xy I:irou

12 at ons err err]"and R err]
may be, for ﬁé&%ﬁ& &wyp,gramu) n%fwoﬂy%uﬂ, PEAPOXY group,

| Sopr opoxy group, n- butoxy group, sec- but oxy group, tert - but oxy
group, n-pentoxypxEferablEaneticony @Feyp, etloxy NgHeX®Xand et -BaoskpXy
group, n-dodecoxy group, n- pent adecoxy group, and n-ei cCosoxy group,
and is pr edsvah! y net hoxy group, ethoxy group and tert - but oxy

gr oup.

These alkoxy groups may all optionally be

10 substituted with at least one halogen atom (fluorine
atom, chlorine atom, bromine atom, iodine atom).

The aralkyloxy group with the number of éarbon
atoms of 7-20 in X!, X%, R!, R?, R® and R* may be, for
example, benzyloxy group, (2-methylphenyl)methoxy group,

15 (3-methylphenyl )methoxy group, (4-methylphenyl)methoxy
group, (2,3-dimethylphenyl )methoxy group, (2,4-
dimethylphenyl )methoxy group, (2,5-dimethylphenyl)-
methoxy group, (2,6-~dimethylphenyl)methoxy group, (3,4-
dimethylphenyl )methoxy group, (3,5-dimethylphenyl)-

éo methoxy group, (2,3,4-trimethylphenyl )methoxy group,
(2,3,5-trimethylphenyl )methoxy group, (2,3,6-trimethyl-
phenyl )methoxy group, (2,4,5-trimethylphenyl )methoxy
group, (2,4,6-trimethylphenyl )methoxy group, (3,4,5-
trimethylphenyl )methoxy group, (2,3,4,5~tetramethyl-

25 phenyl )methoxy group, (2,3,4,6-tetramethylphenyl)methoxy
group, (2,3,5,6-tetramethylphenyl)methoxy group,
(pentamethylphenyl )methoxy group, (ethjlphenyl)methoxy
group, (n—propylphenyl)methoxy group, (isopropylphenyl)-



These al koxy groups may all optionally be 10 substituted with at |east

one hal ogen atom (fl uorine atom chlorine atom brom ne atom i odine
at.on . The aral kyl oxy group with the nunber of carbon
atons of 7-20 in Xferr], Xerr], Rerr], Rerr], Rerr] and Rerr] may be,
for exanpl e, benzyl oxy group, (2-nethd phenyl)nmethoxy group, 15

(3- nethylphenyl)nethoxy group, (4 net hyl phenyl ) net hoxy gr oup,

(2, 3- di net hy! pha@HhPFst I%’)@"Pgr @p‘b‘{tafltphenyl)m%m)ﬂ%yl()srﬁﬁﬁoxy
group,

2, 5-di net hyl_ph t
(2 6 i ot byl LM%@%%WWY go;gy e oMy
3, 5-di t
?rZng4 'EI’I met Ih;/TFp ﬁ’;l )e(ﬁ%()%%ylp & B{E) °© E%lipgl?’t r ﬂ’rﬁwlﬁleeﬁwl))net hoxy

?E?Z,"s-ﬁfi ?re?h;?deﬁ%ggﬁx))rge By (Q’hwﬁﬁ‘tﬁg‘%}/’?wﬁ’%"tﬁ ety Bhenyl ) met hoxy

group, (3,455 tetradddyTgay Theb el g SRS hy! -
25 phenyl)nethgkiagroup, (2, 3 4 6-tefranet yIp yI nethoxiﬁp&i group,

(2, 3,5, 6-t et r angindly laReMEBARKREh X0 Yhoup, and RN EERAARENY| ) met hoxy
group, (ethyl phenyl) nmet hoxy group, (n-propyl phenyl)nethoxy group,

(i sopropyl phenylbenzyloxy group. 13

met hoxy group, (n-butyl phenyl)methoxy group, (sec-

but yl phenyl ) net hoxy gr oup Theser tardaltkptlphaynboougpshaay all opfricamally be
(n-hexyl phenyl ) met hoxy group,tég octyl phenyl) - met hoxy group,

(n-decyl phenyl ) FaxdisEaE at aea%%mwmﬁ%t(mwp

naphthylnethoxy roup and aut hracenyl met hoxy group, and is preferably
10 atom, chlorine atom, bromine atom, iodine atom).

The aryloxy group in X!, X2, R!, R?, R® and R*
may be, for example, an aryloxy group with the number
of carbon atoms of 6-20, such as phenoxy group, 2-
methylphenoxy group, 3-methylphenoxy group, 4-

15 methylphenoxy group, 2,3-dimethylphenoxy group, 2,4-
dimethylphenoxy group, 2,5-dimethylphenoxy group, 2,6-
dimthylphenoxy group, 3,4-dimethylphenoxy group, 3,5-
dimethylphenoxy group, 2,3,4-trimethylphenoxy group,
2,3,5-trimethylphenoxy group, 2,3,6-trimethylphenoxy

20 group, 2,4,5-trimethylphenoxy group, 2,4,6-trimethyl-
phenoxy group, 3,4,5-trimethylphenox§ Qroup, 2,3,4,5-
tetramethylphenoxy group, 2,3,4,6-tetramethylphenoxy
group, 2,3,5,6-tetramethylphenoxy group, pentamethyl-
phenoxy group, ethylphenoxy group, n-propylphenoxy

25 group, isopropylphenoxy groﬁp, n-butylphenoxy group,
sec-butylphenoxy group, tert-butylphenoxy group, n-
hexylphenoxy group, n-octylphenoxy group, n-decylphenoxy

group, n-tetradecylphenoxy group, naphthoxy group, and



ppnzytoxy group. These aral kyl oxy groups may all optionally

be : substituted with at |east one hal ogen atom (fluorine 10 atom
chlorine atom bromine atom iodine atom. . The aryl oxy
group in Xerr], Xerr], Rerr], Rerr], R.,err] and R err] may be,
for exanple, an aryloxy group with the nunﬁgr of carbon atons of

6- 20, such as pheppx roup, . 2- nmet hyl phenoxy group, 3-nethyl phenoxy
group, 4- 15 aﬂﬁﬁﬁéF%ﬂ@ﬁﬁxgrBPBOp, 2, 3-di met hyl phenoxy group, 2, 4-

di et hyl phenoxy group, 2, ' n 0 18- ; [ | phenoxy
group, 3,4-dinethylphenox?hg%§5%?¥g?g§ 8§$ug§d#9 t%&?pﬁgﬁég?ag}gt%¥

2.3, 4-trimethyl gIgaexyugbaUulith at 18adedohel HBIBYLANBROKY (#1060 ine
, 3, 6-trinmethyl phenoxy = 20 group, 2,4,5-trinethyl phenoxy group,
,4,6-trinethyl atom, chlbedgxyadbyPbrémine- hitbAkt Apdphenaxymgr.oup,

, 3,4, 5- t etranmet hyl phenoxy group, 2,3, 4, 6-tetranet hyl phenoxy

roup, 2, 3,5, 6-tetranet hylrpbedaxgupsaiputpenaaiebhygroup withpltdueoxyamipesup,
et hyl phenoxy group, n-propyl phenoxy 25 group, isopropyl phenoxy group,
n- but yl phenoxy gfocprbon atomecofiuRy20hdémoxy, g¥uR!,t Bf ¢ -BuepkdpReénoxy

2
2
2
g

group, n- hexyl phenoxy group, n-octyl phenoxy group, n-decyl phenoxy
group, n-tetradeefersetoxpngerodpo gaouwphsxapstisutedawdth two hydro-
14 ant hracenoxy group. These aryl oxy groups nay. al

optional |y be carbogygrompsyeWhfrelnathee hydroganhamn, g&Purt SRy Heyorfidre

atom chlorine atom _brom ne at i odin :
exag&le, an aliy Wbra%% diﬁ%t%gL number of carbon atoms

10 of 2-20, such as methyl group, ethyl group,'n—propyl
group, isopropyl group, n-butyl group, sec-butyl group,
tert-butyl group, isobutyl group, n-pentyl group, n-
hexyl group and cyclohexyl group, and aryl group, such
as phenyl group. Such di-substituted amino group with

15 the number of carbén atoms of 2-20 may be, for example,
dimethylamino group, diethylamino group, di-n-propyl-
amino group, diisopropylamino group, di-n-butylamino

- group, di-sec-butylamino group, di—tert—butylamino
group, diisobutylamino group, tert-butylisopropylamino

20 group, di-n-hexylamino grsup,'di-n-octylamino group,
di-n-decylamino group, diphenylamino group, bistri-
methylsilylamino group and bis-tert-butyldimethyl-
silylamino group, and is preferably dimethylamino group
and diethylamino group.

25 R!, R?, .R3 and R* may optionally combine with
each other to form a ring.

| X! and X? are each preferably a halogen atom,

alkyl group or aralkyl group, more preferably a halogen



5. R The di-substituted am no group with the nunber of
carbon atons of 2-20 in X[err], Xerr], Rerr], Rerr], Rerr] and R err]
ref-ers to an am no group substituted with two hydro- car bon groups,
wherein the hydrocarbon group may be, for exanpl e, an al kyl group
with the nunber of carbon atons 10 of 2-P®, such as nethyl group, ethyl
group, n-propyl group, isopropyl group, n-butyl group, .sec-butyl
group, terdt YUt yI group, isobutyl group, n- pentyl group, n-

o7 oup. “Such a1 -subst it ut eP I ot 37 e 1471 BERman ShLARRber

atom of 220 Moy bea LG SAP! S 1220 oSLIELIN 079 O QuPsa dhpLVAET N0

group, di-n-propy am no group, SOprOpyl am no- gr o

di - n- but yl am no £ oY1 it ygﬁrgfgl)g‘fptﬁ&o,% %f{ﬁ BI,I(LY,I,QIHE,QP

group, diisobuty an1no group, ert utyli'sopro
di - n-hexyl ar§ no @f QkPrbéh - s YoM D9y %ﬁﬁbnall s%s@iﬂ?@é{é%m &L Oup,.

di phenyl am no group, bistri- met hyl S|Iylan1no group and

bi s-tert-butyl diT@idtylone halogeén yd€dhNCagr &Pl Ghcup Switlel ei@bhymber of

di net hyl am no group and di et hyl am no group. 25 Rerr],
Rlerr], Rerr] aarbdreratomsayodpi+dhadpyicmablyesubshituted wehth ather to
forma ring. X[err] and X err] are each preferably a

hal ogen at om leastldye hplegenratomldyla gewbetitwred pselyl aprgup Wwathgen
15 atom Preferred Rlerr] is an alkyl group with the
nunber : the number of carbon atoms of 1-20 optlonally substi-

10 tuted with at least one halogen atom.

In the transition metal complex represented by
the formula [1], L is a Lewis base, specific examples of
which include diethyl ether, tetrahydrofuran, dimethyl-
aniline and trimethylphosphine; w is an integer of 0-2.

15 Specijic examples of the complex represented
by the formula [1] include thio(cyclopentadienyl) (3-
tert-butyl-5-methyl-2-phenoxy)titanium dichloride,
thio(methylcyclopentadienyl) (3-tert~butyl-5-methyl-2-
phenoxy)titanium dichloride, thio(dimethylcyclopenta-

20 dienyl) (3-tert-butyl-5-methyl-2-phenoxy)titanium
dichloride, thio(trimethylcyclopentadienyl)(3-tert-
butyl-5-methyl-2-phenoxy)titanium dichloride, thio-
(tetramethylcyclopentadienyl) (3-tert-butyl-5~-methyl-2-
phenoxy)titanium dichloride, thio(ethylcyclopenta-

25 dienyl) (3-tert-butyl-5-methyl-2-phenoxy)titanium
dichloride, thio(n-propylcyclopentadienyl)(3-tert-butyl-
5-methyl-~2-phenoxy)titanium dichloride, thio(isopropyl-

cyclopentadienyl) (3-tert-butyl-5~methyl-2-phenoxy)-



of carbon atons of 1-20 optlonally substituted with at | | east one
halogeh atom an aral kyl group with the nunber 5 of carbon atons of 7-20

optiionally substituted with at - | east one hal ogen atom an aryl group
wi th the nunber of carbon atons of 6-20 optionally substituted with
at | east one hal ogen atomor a substi L6t ed silyl group with t he

e o Eo b TR S s RS b arat AT 2 '
ted b b | f |
o oo o oh 1 PRt Gy LT Rhe Bevbr ‘E%‘%??%Wh%%?hﬁgeﬁfﬁﬁfﬂ a8, el es

Spect 1. exanpl rer?t*f‘?t?%e PSP foydtoBeAlad LOAPES (Stegteiputylosopethy)-2-
i ncl ude thio(cy gtfﬂaﬁiﬁﬁ dichloride, thio(tert-butylcyclo-
tert-butyl-5-net enoxy) titani um di chf ori de,

thio(nethquyclqp@ﬂt@di &yl ) (S-tert- Bﬂt%i =6=M8thyl = Z=phenoxy)titanium
phenoxy)tltanlun1d|chlor|de t hi o(di met hyl cycl openta- 20

di enyl) (3-tert - bdighlorie hythPe pheobuyylcyabbpentadiengl ghBotede-butyl-
thio(trinmethylcycl opentadienyl)(3-tert-

but yl - 5- net hyl - 25ﬂmehmx¥)2+Phﬁhqmyutthamitmedichloride, thio(phenyl-
(tetramet hyl cycl opent adi enyl ) (3-tert-butyl-5-net hyl - 2-
phenoxy) tit ani unf¥rtepenta@dienyi h(3te§reyenbpbndamethgl-2-phenoxy)-

di enyl ) (3-tert-butyl-5-nmethyl-2-phenoxy)titani um di chl ori de,

t hi o( n- propyl cyckd %%ﬂ%%ﬂl@h?h}?gl@%rtt {e{trimethylsilylcyclopenta-

oLy 2 BeoR b PP oL Bl o e IOt SOBLORNLS ) s ot

16 | dichloride, thio(indenyl)(3-tert-butyl-5-methyl-2-
phenoxy)titanium dichloride, thio(methylindenyl)(3-tert-~
butyl-5-methyl-2-phenoxy)titanium dichloride, thio-
(fluorenyl) (3-tert-butyl~5-methyl-2-phenoxy)titanium

15 dichloride, thio(cyclopentadienyl)(3-tert-butyl-2-
phenoxy)titanium dichlbride, thio(methylcyclopenta-
dienyl) (3-tert-butyl-2-phenoxy)titanium dichloride,
thio(dimethylcyclopentadienyl)(3-tert-butyl-2-phenoxy)-
titanium dichloride, thio(trimethylcyclopentadienyl) (3~

20 tert-butyl-2-phenoxy)titanium dichloride, thio(tetra-
methylcyclopentadienyl) (3-tert-butyl-2-phenoxy)titanium
dichloride, thio(ethylcyclopentadienyl)(3-tert-butyl-2-
phenoxy)titanium dichldride, thio(n-propylcyclopenta-
dienyl) (3-tert-butyl-2-phenoxy)titanium dichloride,

25 thio(isopropylcyclopentadienyl) (3-tert-butyl-2-phenoxy)-
titanium dichloride, thio(n-butylcyclopentadienyl)(3-
tert-butyl-2-phenoxy)titanium dichloride, thio(sec-

butylcyclopentadienyl) (3-tert-butyl-2-phenoxy)titanium



titani umdichloride, thio(n-butylcyclopentadienyl)(3-

tert- butyl 5- net hyl - 2- phenoxy) ti tani um di chl ori de,

t hi o( sec-butyl cycl opent adi enyl ) (3-tert-butyl-5-nethyl -

phenoxy)titani umdichloride, thio(tert-butylcyclo- 5

pent adi enyl ) (3-tert-butyl -5-net hyl - 2- phenod) ti t ani um di chl ori de,

thlo(lsobutylcyclo ent adi en 3-tert-but
5- met hyl - 2- phenSiFdrriAey ¥bﬁgﬂFﬁFTGPutWﬁFQFﬂﬁgﬁ?Fadlenyl)(3‘tert'

EnTiat A B BRI, ootk
di enyl ) (3-tert [E%F’
thlo(lndenyl)(3% erP nt qéh#épﬁﬁﬁQ%¥£UH&Eyﬂ 5§§(1|t2%3%h1§ﬁghlorlde

fjlhl:ﬁl(grelt gg' ' t”ﬁf‘@i'&(l%ﬁ%@ thlo(ph@ﬁw@%iwéhsﬂauae@ﬁﬂr)qw)ﬂéﬂtamuﬂm ~2-

(fluorenyl)g3-t Wﬁ?yﬂa&m&ﬁv |d1%iﬂhﬂ'1@1>éy,) tihia it imekhy 1 sdilgHlayd e
t hi o(cycl opent adi enyl ) (3-tert-butyl - phenoxy)titani um di chl ori de,

t hi o( et hyl cycl gr@itiadtienyl) (@m-ﬂﬁm@wxy&m tditchdiqarade,
di chl ori de, t hi o(di et hyl cycl opent adi enyl ) (3-tert-butyl -2-phenoxy) -

tltanlunldlChIOmhﬁﬂ(ﬂﬂdenykﬂUﬁHﬂQﬂtﬁhﬂﬁMﬁHﬁ%ﬂhQﬂQﬂﬂXﬁitaﬂmﬁm
tert-butyl -2-phenoxy)titaniumdichloride, thio(tetra-

met hyl cycl opent adiciiygnide.t &hlﬁwhﬂlpmm»(ﬁ't%ﬁﬁnhUtyl 2-pheNBH e,

thi o(et hyl cycl opent adi enyl) (3-tert-butyl titaniu
di chl ori de, thldﬁﬁﬁﬁﬂdﬁy Lﬂﬁﬁﬂg, ﬁ&o(fluorenyl)(3 téQt-butylrg-

Thi ofi Sopr gyl o e ke SRR FudiErsiRentadionyilitt
o e R PR, i metricretcpta-
butyl cycl opent aqifé}W]))((?Z tgﬁ{énw)\‘ﬂlt?amﬁﬁ‘waﬁléﬁmé'mthlo(dJ.methyl-

cyclopentadienyl) (2-phenoxy)titanium dichloride,
thio(trimethylcyclopentadienyl) (2-phenoxy)titanium

15 dichloride, thio(tetramethylcyclopentadienyl)(2-
phenoxy)titanium dichloride, thio(ethylcyclo-
pentadienyl) (2-phenoxy)titanium dichlofide, thio(n-
propylcyclopentadienyl) ( 2-phenoxy)titanium dichloride,
thio(isopropylcyclopentadienyl) (2-phenoxy)titanium

20 dichloride, thio(h-butylcyclopentadienyl)(2-phenoxy)-
titanium dichloride, thio(sec-butylcyclopentadienyl)(2-
phenoxy)tifanium dichloride, thio(tert-butylcyclopenta-
dienyl) (2-phenoxy)titanium dichloride, thio(isobutyl-
cyclopentadienyl) ( 2-phenoxy)titanium dichloride, thio-

25 (phenylcyclopentadienyl) (2-phenoxy)titanium dichloride,
thio(trimethylsilylcyclopentadienyl) (2-phenoxy)titanium
dichloride, thio(indenyl)(2-phenoxy)titanium dichloride,

thio(methylindenyl) (2-phenoxy)titanium dichloride and



17 . dichloride, thio(tert-butylcycl opentadienyl)(3-tert-

but yl - 2- phenoxy) titani um di chl ori de, thio(isobutyl-

cycl opent adi enyl ) (3-tert-butyl-2-phenoxy)titani um di chl ori de,
t hi o( phenyl cycl opent adi enyl ) (3-tert-butyl-2- 5 phenoxy) titani um
di chloride, thio(trimethylsilylcyclo- 18

PR (1 ndenyl ) (3-Ebte ChingrenPbhCAoRsse Far fhan fin 4 Storide;
t hi t hylind 1)(3-tertzb -2- - ... Litan dich i d
n 8% Tuorenyi ) (5 Vort- puirangled SR %_ﬁ%&ay?%ﬁd%%‘ua”%%? FoFpiER dfeo
I O( CyCl opent a - n (ST . w o3
ycl op § £8Yhdée comp%ﬁ%$£ﬁ€§%¥i%iﬁ 3 éﬁgﬁﬁ%ﬁgchFlta ium" in

t hi o( met hyl cycl opent a- phenoxy)titaniu ori de,

thio(dimethyl- the aly¢éORent fohERYspédt PIENOXAMbLEANEY, PHES Pk IS
thi o(trinmethyl cycl opent adi enyl ) (2- phenoxy)titanium 15 dichloride,

thi o(t et r ames hyl Ky£h DRRN E6EOYNAE 2resul tin@hLheaYehahghg M ¢hesl of hdehe
t hi o( et hyl cycl o- pent adi enyl ) (2- phenoxy) titani um di chl ori de, thio(n-
propyl cycl opent aabevng+péRt phread Xgxamp beas pinige Thd Diig dehe compounds newly
t hi o(i sopropyl cycl opent adi enyl ) (2- phenoxy)titanium 20 di chl ori de,
t hi o( n- but yl cyclngebienedngboye, pbenoxy) -dithio, t N+pineényd tihtdé pr phlenyl
t hi o(sec-butyl cycl opent adi enyl ) (2- phenoxy) titani um di chl ori de,
thio(tert-butyl cBeeeplide, phenylphesphine. ontdexgrtphenylphasehine de,
t hi o(i sobutyl - ) Cﬁ$|0p ntadienylééz-phenox%%titaniun1dich|oride, t hi o-
25 . (phenyl cycl BpERestfenyF b SReno®perRdsi TaF UL g, faem changing
thio(trinmethyl si)yl | open} adi enyl ) (2: phenox | tani um di chl ori de,
t hi o(i ndeny!Y ( 2- p‘%‘b%c%g%‘ﬁ? ane?:_ﬁ%‘?%‘gﬂ'b&?de‘?“@&l‘yf ;' diethyl or
th'o(nEthyl'ndeﬂ&iﬂé&é?ﬁ?qg%d)éﬁ&f@i8H5fi§bl€E6g3 égﬂpounds in which
' tetrahydrofuran is coordinately bonded as L in the
formula [1] to the above-mentioned compounds.
The transition metal complex represented by
15 the formula [1] can be prepared, for example, by the
following methods.
That is, Mg is reacted to a halogenated phenol
compound of which phenolic hydroxyl group has been
protected with a suitable protective group (e.g.,
20 alkoxymethyl group or aralkyl group) to obtain a
Grignard reagent. The reagent is then reacted with a
dihalogenated phosphorus compound (e.g., phenyl-
phosphonic acid dichloride or phenylphosphine
dichloride) and then reacted with an alkali metal salt
25 of a compound having a cyclopentadiene skeleton (e.g.,
cyclopentadienyllithium or fluorenyllithium) to obtain

various compounds comprising the compound having a

cyclopentadiene skeleton and the phenol whose hydroxyl



18 t hi o(fl uorenyl) (2-phenoxy)titaniumdichloride.

Exanpl &s of the transition netal conplex al so I ncl udes conpounds
resulting fromchanging "titaniunt in t he above-nentioned specific
exanpl es to zirconium or 5 haf ni um congounds resul ting from changi ng
"thio" in the above- nenti oned exanpl e4? including the conpounds newy
nment i oned above, to oxo, dithio, N-phenylimde, phenyl phosghide
phenyl phosphi ne %&?ﬁ%x%?s RPY | PROLPREed linked withyeaeh etheRephrough

d lting f h ' "dichl oridg’ di b i d
compounds 1esul A "hSLAMELEILRG. | HurenShen R0 o SabBhSTL ey op op
whi ch tetr d%&&gé&ﬂd'éh&&oéﬂwfﬁééViQ"@QS?dfﬁakew tR€arurated,
formula [1] to the above-nenti oned conpounds. %ﬁe

transition metal¢gonph ﬁﬁ@gﬁ&fnﬁéd¥%%Tté§ wiéﬂenéggayéaré&$eﬁ€§ Pg'g'That

prepared, for exanple, by the oW ng net

is, My is renctegyipun)hedosshat £dcHMESRNd wherefRMPRENENOEpHBEEE RBSAO! I C
hydr oxyl group has been protected with a suitable protective group
(e.g., 20 al kpxysedHyingtoly sstarat&d! (gleup) cobMpohds "héving a
Gignard reagent. The reagent 1s then reacted with a di hal ogenat ed
phosphor us conpopindsplrige , sphfigé -group) . phtsempnthe aprotectiver gdeupris
phenyl phosphi ne di chloride) and then reacted with an al kali netal
salt 25 of a ebpbeatedalrem theyzboyperment boredkearions (eogpounds

cycl opentadienyllithiumor fluorenyllithium to obtain various .
conpounds conpr i SPREF+HENG ApEYiRCRaNtadigne skeleton and a phenol whose

10 hydroxyl group has been protected linked with each other
through a phosphorus atom, by suitable methods (e.g.,
treatment with aqueous sulfuric acid acidic solution
when the protective group is an alkoxymethyl group),
then the resulting Cp-phosphorus atom-phenol compound is

15 reacted with 2 equivalents of an alkyllithium (e.g., n-
butyllithium), and the reaction product is reacted with
a transition metal halide (e.g., titanium tetra-
chloride), whereby the transition metal compléx is
obtained.

20 - Alternatively, first a phenol compound is
reacted with a sulfurization reagent (e.g., disulfur
dichloridé) to obtain a dimer bridged with a dithio
groﬁp. The phenolic hydroxyl group of the dimer is
protected with a suitable functional group (e.g.,

25 trimethylsilyl group), and then bromine or the like is
reacted with the protected compound to sever the sulfur-
sulfur bond of the dithio group, and the reaction

product is reacted, for example, with an alkali metal



cyclopentadlene skel eton and the phenol whose hydroxyl :

19 group has been protected |inked with each other through a
phosphorus atom Further, when the phosphorus at om of t he conpound
t hus- obtained is coordinately unsat ur at ed, t he conpound may be
reacted with various reagents (e.g., 5 sdbfur) to forma conpound
wherei n t he phosphorus atom is coordinately saturated

conpounds hawngsalt of apREEBALRRE §9V%Paeagﬁﬁﬁb?PeﬁﬁéﬁleﬂﬁeSb?i?&@ﬂuvéo
group is an1 nated fromthe aboye-nmenti gned vari ous cogpﬁun S

conprising a cyc E%ﬁ?aﬁ?ﬁﬁ@“ngP@PBHn ﬁdcamBﬁéﬁbpgmﬁo§8mP?Bn fur8gy R
h b tected, li,nked h_ot.h h h

ot om by sut ¢ abl EVREoREAtarEsEe HkeleE3f ol 8 phenol LARBEHASHRARR C et o

aci dic solution a Fgx %ﬂegrﬁﬂfuﬂégtBgéhx§r8F8HQeHS1§gkéhk8iﬁﬂekgeaC?E§g9)

then the resultin s atomp compoun W th

2 equivalents Oftﬂﬂoﬁbﬁyéhlkﬁkun‘§ﬁeﬂ thB rotect?GénékbEB'HgielﬁﬁgnhQéd

reaction product I's reacted anS|t|on e.dg.,

titaniumtetra- in a sﬁbt@bléeﬁanﬂ_@ﬂebuet Bésﬁﬂ.ﬁﬂﬁﬁt peBdiBtalsceBRke%di S
obt ai ned. 20 Alternatively, first a phenol conmpound is

reacted with a swithrzeguomaieagendf(angalkgiliithiiom and tHeahkeacded to
obtain a dimer bridged with a dithio group. The phenolic hydroxyl
group of the di meithsa transptdoacmetadhi haladeuwi whbkebfuhbei bmahsgtdop
(e.g., 25 trinethXI5|IyI group), and then bromine or the like is
_ metal complex is obtained. 1In another method, the
10 compound comprising a compound having a cyclopentadiene
skeleton and a phenol compound whose hydroxyl group has
been protected linked with each other through sulfur is
reacted with a transition metal compound capable of
reacting with one hydrogen atom of a cyclopentadiene
15 skeleton (e.g., tetrakis(dimethylamido)titanium) to form
a Cp~M linkage, and the reaction product is treated with
various halogenating agent (e.g., dimethylammonium
chloride or hydrogen chloride) several times under
varied conditions to eliminate the protective group,

20 whereby a transition metal complex having a cyclic

structure containing Cp-M-phenoxy structure is obtained.

(2) Organoaluminum compound (A)
The compound (A) used in the present invention
may be known organocaluminum compounds. Preferred
25 examples thereof include any one compound selected from
(Al) an organoaluminum compound represented by the

formula E',AlZ; ., and (A2) a cyclic aluminoxane having the



reacted with the protected conpound to sever the sulfur- sul fur bond

of the dithio group, and the reaction product is reacted, for
exanple, with an al kali netal 20
salt of a conpound having a cycl opentadi ene_skel eton, to obtain

vari ous conpounds conprising a conpound hav?hg a cyclopentadiene

skel eton and a phenol conpound whose hydr oxyl has been
protected |inkedBWFYFteER FepFRFented by h‘l"l'b%gf‘P’é‘Hll:F%r{‘A n OrdspRBlect i ve
group is elimnated in a suitable nner, the resulting product is
react ed wi ¢ b aeqkﬁ‘%)%ﬁ%rﬂ’s“%’f“%ﬁ‘h? Y%’E‘Ju‘ihﬁa%‘ar‘f% ? ERPER

::stgb?af LZS.S:H]"%%”?% bm%"dEfOEh@ab% Q}sm:ﬁa%@%p.w hEFE R ohpond
' | . d mh
yor oyl of oup. T B 4t each 3 FiyBeBiatient g CREn TR R SRR o,

sul fur is oneaeﬁ&%?da%ﬂg Sty a@s&;do%xlireélal grf:é&@ll%gdcé‘fgg#eto (e 9.,

reacting wi th rogen atomof a cyc penta

tetraki s(di met hylgm é’éﬁé'&féﬁ%% dPefOF &R fromae%'\étl.}‘l&l.‘ag@l@ng the

reaction product Is treated various h enating agent (e.g.
di met hyl amoni Uniydrogert B & 4r 4 AVIBQEE Na €dth Gndled 1 Bey andy be NMERe UNder

vari ed condltlons to eI|n1nate the protective group, 20 ereby a
transition netalsf&eepbesh hew i dif feferet | Erom eackiotiedlf ea COS! €hai M@mber
Cp- M phenoxy structure i s obtained. (2) Organoal um num conpound (A)

of 0-3, b is an integer of 2 or more and ¢ is an integer
10 of 1 or more), and mixtures of two or three kinds
thereof.

Specific examples of the organcaluminum
compound (Al) represented by the formula E!,AlZ,, include
_trialkylaluminums, sﬁch as trimethylaluminum, triethyl-

15 aluminum, tripropylaluminum, triisobutylaluminum and
trihexylaluminum; dialkylaluminum chlorides, such as
dimethylaluminum chloride, diéthylaluminum chloride,
dipropylaluminum chloride, diisobutylaluminum chloride
and dihexylaluminum chloride; alkylaluminum dichlorides,

20 such as methylaluminum dichloride, ethylaluminum
dichloride, propylaluminum dichloride, isobutylaluminum
dichloride, and hexylaluminum dichloride; and dialkyl-
aluminum hydrides, such as dimethylaluminum hydride,
diethylaluminum hydride, dipropylaluminum hydride,

25 diisobutylaluminum hydride and dihexylaluminum hydride.

Preferred of these is a trialkylaluminum, more
preferred being triethylaluminum aﬁd triisobutyl-

aluminum.



The conmpound (A) used in the present invention | may be known
or ganoal um num conpounds. Preferred 25 exanpl es thereof include any one

conpound sel ected from (Al) an organoal um num conpound represented by
t he formula E[err]Al Z[err] and (A2) a cyclic alum noxane having the
21 structure represented by the fornul22 {-Al (E[err])-O}[err] and
(A3) a linear alum noxane haV|n% the structure repre- sented by the
formula E[err]{-Al (E[ err]) SeeFiéir] KEEMPLEE eﬁh&edeFerqu th{ ¥qlic

and E[err] are each a hy drocarbon grQup with the nunber of car bon

atons of 1-8 andaépmlEP§PPF (&2) EFE#PP e Strugtaxe] ﬁ%QfQ@§nted byt e
th di ff f t
hal ogen at om and taFRRand s Agd B a8 I dndt fhe dimeds dRORHIREAG G kach

h h 119) f d
i ener” 10° B8 l%rgoét%ﬁ&f-uc H&emrfpﬁfﬁ%%né%%f%ef sPley ol 5209 © 18

ther eof . (E J C}' &e fzoi?x@ilu%%[ ah g:%oa' 188 methyl,

conmpound (Al? reprgsen roula Ef err i NC

trial kyl al um nung ch a ?pqetgg Egghgunh 5&%?ﬁhYqubq%¥ﬂ 4ﬁpéﬂﬂyl

trlpropylalun1nun1 ||so Fumn 'héxyla

dla'ky|a|U”‘nU”‘ﬁBhohb@%%nt§thba%s an indedRiNYralugmyd-ehladd ¢€is an
di et hyl al umi num chl ori de, di propyl al um num chl ori de,

di i sobutyl al um nymtelleer ode1 or mozed diPkeferalbiri,NEM shd ok d&ie methyl
al kyl al um num di chlorides, 20 such as nethyl al um num di chl ori de,
et hyl al umi num  grough ehldodisd®utrlogyoapynbnum ¢i-aldl anidde, iissabutoyl al um num

10 The above-mentioned aluminoxanes can be
prepared by various methods. There is no particular
limitation as to the method, and known methods may be
used for preparation. For example, the aluminoxane is
prepared by dissolving a trialkylaluminum (e.q.,

15 trimethylaluminum) in a suitable organic solvent (e.g.,
benzene or aliphatic hydrocarbon) and then contacting
the resulting solution with water; or it may be prepared
by contacting a trialkylaluminum (e.g., trimethyl-
aluminum) with a metal salt containing water of crystal-

20 lization (e.g., copper sulfate hydrate).

Compound B
The compound used as the compound (B) in the
present invention is any one compound selected from (Bl)
a boron compound represented by the formula BQ'Q?Q® and
25 (B2) a boron compound represented by the formula
J*(BQ'Q?Q’Q%)" and (B3) a boron compound represented by

the formula (L-H)*(BQ'Q2Q°Q%)".



dichl oride, and hexyl al umi num di chl oride; and dial kyl - al um num
hydri des, such as di met hyl al uni num hydri de, di et hyl al um num hydri de,
di propyl al um num hydri de, 25 di i sobut yl al um num hydri de and

di hexyl al um num hydri de. Preferred of these is a
trial kyl al uni num nore preferred bei ng3tri et hyl al uni num and
triisobutyl - al um num

Specific exanples of E2 ananE§h?anﬁgn09€WP€und (B1]| GRPESRERESEAPY ﬁgﬁlng
the structure re rese te err] and

the |inear alun1 ggQ¥QE B h%v?nﬁofﬂ% §F$ﬂcfé %ﬁ?ek%égﬁi%ﬂﬁ by the
such ac nefhy|E[e55L£°8t%§?%rr]éP§>§[%?r 557 SEFR A BebpRn At prds-

ooy of 1 or erBSRRSILUD’ cBotdi8lnLl 226;F§LHSPhaFgRE? ”3?8&565&@
| sobutyl grosip, H¥ﬁ§ogaégoﬁngr8ubscanéglnlﬁg 1—2 rbon aIQﬁ

above-nmenti oned af um noxanes~can y various fet hods.
There is no partisgpbfituted shipitakbap éénEglhEﬁﬁnﬁtbgdcaﬁﬂgnkQQWHS”EthOdS

may be used for preparation. "For exanple e al um noxane is
prepared by di ssalkbfR¢ grbupabbytaliHihgum-£e. BarbohSatomki Bt Bylal um num
in a suitable organic solvent (e.g., benzene or aliphatic

hydr ocar bon) andsthstitobnedcamhgo groupt hentasinlihgng-20| carbonwatbmsat er ;
or it may be prepared by contacting a trial kylalum num (e.qg.,
trimethyl- agfiumayube whehsamgewithsalt déffieapnktngromt eacbf othest.al -

10 Preferably, Q'-Q® are each a halogen atom, hydrocarbon
group containing 1-20 carbon atoms or halogenated
hydrocarbon group containing 1-20 carbon atoms.

Specific examples of the boron compound (Bl)
represented by the formula BQ'Q?Q® include tris(penta-

15 fluorophenyl )borane, tris(2,3,5,6-tetrafluorophenyl)-
borane, tris(2,3,4,5-tetrafluorophenyl)borane, tris-
(3,4,5-trifluorophenyl)borane, tris(2,3,4-trifluoro-
phenyl )borane and phenylbis(pentafluorophenyl )borane,
most preferred of these being tris(pentafluorophenyl)-

20 borane.

In the boron compound (B2) represented by the
formula J*(BQ!Q*Q’Q*)-, J* is an inorganic or organic
cation, B is a boron atom in the trivalent valence
state, and Q!-Q° are the same as defined for Q!'-Q® in the

25 above-mentioned compound (Bl).

As to specific examples of the compound
represented by the formula J*(BQ!Q%Q%Q*)", J' of an

inorganic cation is, for example, a ferrocernium cation,



20. lization (e.g., copper sulfate hydrate). Compound B

The conpound used as the conpound (B) in the present invention is any
one conpound sel ected from (Bl) ' a boron conpound represented by the
formula B err]err]err] and 25 (B2) a boron compound represented by
the formul a J[err](BQerr]Qe_rr]Qer?PQerr])- and (B3) a boron
conpound represented b . he fornul a . ) .
(L-FD[err](BCIe??#tf%?ﬁfﬁfEPFfé{E?Ff?ggnlum cation and silver cation

23 lndhe boron o und (Bl) represented by the

formula BQ err] ff%r‘?] (iéeﬁ’] ,orgqrglca%loq{l aftsdmﬁ‘ﬂpﬁf?"fl?]ﬁ’al nt

val ence state, - r ea gen_at hydr 0

carbon group coﬁ?gPﬁ%ﬁgi%?ggﬁéa%%g%ggfoﬁggﬁﬁgﬁgéenéfédgg% eXﬁVH}SCarbon
group cont ai ni =20 [tu L Lyl ,gL0Wp
containing_1-Zgg%éfﬁgﬁgg%%ﬁgéfigg?OPE?ﬁ%%Qﬁggéﬁéfc%%?ﬁ?%#%&21525’85rbon
atoms or dis  tetraEbablbpheryRTbOLatlOURCELRKELRNY, #; 80ccaERON al OrTE,

and may be the same wth or ent from each other. Preferably,
Jerr]-Qerr] afgueasghanyabsagatatOﬁéthaﬁiepa;bps-triflugfepneﬁym§alnlgg

1-20 carbon atons or hal ogenated hydr ocar bon group containing 1-2
carbon atons. borate, tetrakis@pgRidi-trefdaprephenyl hbobaten conpound (Bl)
represented by the fornula B err]Qerr]Qerr] include tris(penta- 15

f 1 uor ophenyl ) bopherylbis ¢peénBatléorephanyipbophtayand tetrakbs(apbd-
tris(2,3,4,5-tetrafl uorophenyl)borane, tris-

(3, 4,5-trifl uoroppenifiveraemethyipbenyd)horate} uoro-

10 Examples of the specific combination of these
include ferrocenium tetrakis(pentafluorophenyl)borate,
1,1’-dimethylferrocenium tetrakis(pentafluorophenyl)-
borate, silver tetrakis(pentafluorophenyl)borate,
triphenylmethyl tetrakis(pentafluorophenyl)borate and

15 triphenylmethyl tetrakis(3,5-bistrifluoromethylphenyl)-~
borate, most preferred of these being triphenylmethyl
tetrakis(pentafluorophenyl )borate.

In the boron coﬁpound (B3) represented by the
formula (L-H)*(BQQ*Q’Q*)", L is a neutral Lewis base, (L-

20 H)* is a Br¢nsted acid, B is a boron atom in the
trivalent valence state, and Q!'-Q* are the same as
defined for Q'-Q® in the above-mentioned compound (Bl).

In the specific example of the compound
represented by the formula (L-H)*(BQ'Q%Q%Q*)-, (L-H)* of

25 the Brédnsted acid is, for example, a trialkyl-
substituted ammonium, N,N-dialkylanilinium, dialkyl-

ammonium and triarylphosphonium, and the (BQ!Q?Q%Q*)" may

be, for example, the same as those described above.



phenyl)borane and phenyl bi s( pent af | uor ophenyl ) bor ane, nost preferred

of these being tris(pentafluorophenyl)- 20 bor ane. I n
t he- boron conpound (B2) represented by the formul a
J[err](qurr]qerr]qerr]qerr]), J[err] is_an inorganic or organic
cation, Bis a boron atomin the trivalent §Ience st ate, and
QJerr]-Qerr] are the same_as_defined for errglnt

above- ment i oned conpound (Bffmples ol speci ic' 82588 Pi t@?éﬁples of

t he conpound e r

J[err](BC{err]C{%?? ér??t% Y?%m&ogfgﬁrnggakls(pentaf%gPﬁgﬁPenX%QTon IS,
for exanple, LEQEEr N ) _

24 alkylsugs%?tufegysg §%¥eﬁﬁﬂﬁ?é3F|8ﬁt§% ig ' ngagéFngphenyl) nd

Jlerr] of an orgpsratedt 81 (hSbutpl )awABALAm %etrak1skPéﬁE8@1h5Ebhy|
cation; (BQerr]Qerr]Qerr](Qerr )Berr] I's, for exanple

tetraklS(pensafIpnéﬁyM¢h¢kaberatel hebﬁayuséﬁmaniuﬁ-tetiakls(3 5-
tetrafl uorophenyl ) borat e, tetraklséZ 3,4,5-tetra-

f 1 uor ophenyl ) bor bietrifinakoméB8hytlpheniyllborapbeniil, N-dimethybandiénium
tetrakis(2,2,4-trifluorophenyl)borate,

phenyl bi s( pent af tebrakhegpenbafineraptienyi)bkrefg,5N,N-diethylanilinium
bistrifluoronethé henyl ) bor at e, Exanpl es of the specific
conbi nation of t egﬁakls(penﬁéﬁ&u@rﬁﬁheayéAbeﬁﬁte, N,N-2,4,6-penta-
tetraki s(pentafl uorophenyl ) borate % neth | f erroceni um
tetrakls(pentaflﬂGFﬁgﬁ@ﬂ}F}nlum tetEBFéFéPegFP éP°r° henyl)borate, N,N-

R IR NG B TR T N——
tEtraki5(3’5'biSbﬁéﬁ&f?ﬁ8§§£@¥lBQEQXE%bpylammonium tetrakis(pentafluoro-
phenyl)borate, dicyclohexylammonium tetrakis(penta-
fluorophenyl)borate, triphenylphosphonium tetrakis-
(pentafluorophenyl )borate, tri(methylphenyl)phosﬁhonium
15 tetrakis(pentafluorophenyl)borate and tri(dimethyl-
phenyl )phosphonium tetrakis(pentafluorophenyl)borate,
most preferred of these being tri(n-butyl)ammonium
tetrakis(pentafluorophenyl )borate or N,N-dimethyl-
anilinium tetrakis(pentafluorophenyl)borate.
20 In the present invention, the transition metal
complex represented by the formula [1], the compound
(A), or further thé compound (B) may be charged in any
desired order at the time of polymerization. Alter-
natively, any desired combination of these compounds may
25 be contacted with each other beforehand and the result-
ing product may be used at the time of polymerization.
As to the amounts of the respective catalyst

components, the respective components are desirably used



barate, nost preferred of these heing triphenyl methyl

t et raki s(pent af | uor ophenyl ) bor at e. In the boron conpound
(B3) represented by the - formul a
(L-Hy[err](BQerr]err]@err]err])[err], L is a neutral Lew s base, (L-
20 H[err] is a Bronsted acid, Bis a bordh atomin the trival ent
val ence state, and e are the sape as defined for
Qerr]-Qerr] irf4e 'I'jlﬁ)‘]v 1%‘%&‘ Jcﬁf'edr%ﬂﬁ)dﬂﬁdt}(%lﬁ°mpound (A) to the | {pe

ifi I f t by, the_f
(Lo rer ] (B erevi’ﬁ S AR TPIRI e (181 (e enSringe of
B ted id ?g@qrp I bst it
Nr&?glg|k§r;nlilnlun]0 I a )é%efgééﬁf%ﬁ%ﬁ%iooohnd§¥r¢%%y P osgﬁyﬁ?ﬁﬁg%and
E Egs é BSE;SLH bqegr*é%&[@&ﬁ;lélx?& i8] &4 ItV ransit £n ﬁ&iaf%fenétﬁ?&ysa”e as

Exanpl es of sspectdir vﬁpm’iri‘aéﬁé)r'ré}f% dheFep.01-100 ncﬁkfgﬁefébﬁ&rﬂl@ﬂﬁ@ﬂ' um
t et raki s(pent af | uor ophenyl) orate, tripropyl amoni um

tetraki s( pent af lwitwpledytd -to the doicéwtrdtidis b Vil r@spedtive

tetraki s(pentafluoro- 5 phenyl )borate, tri(n-butyl)amoni um
tetrakis(3,5- catalyst redmponamtes whehethyey boratwsed\, i dilnet figrmnef i @i um
t etraki s(pent afl uorophenyl ) borate, N, N-di et hyl ani | i ni um

t et r aki s( pent af Iwmylt}mrm@ewwq @I@m@s are degixallynisedi um
tetrakis(pentafl uorophen%/ %borat e, NN dinmethylaniliniumtetrakis

(3, 5-bistrifl uor¥eh he CW¢§%%¥%@ eof d‘l’-h%o%?%fb%%rfp%ﬁl
totr aki o( pa o 'c”é)nﬁé"ewf RRPARRINA B0F B8 £9TBhLAy| bhoSBROHR bin FEERHR s-
the range of 0.0001-5 mmol/l, preferably 0.001-1 mmol/1,
the concentration of the compound (A) in terms of Al
atom within the range of 0.01-500 mmol/l, prefefably
0.1-100 mmol/1 ahd the compound (B) within the range of
15 0.0001-5 mmol/l, preferably 0.001-1 mmol/l.

-In the present in&ention, the monomer used for
polymerization may be any of the olefins and diolefins
each with the number of carbon atoms of 2-~20. Two or
more kinds of monomers may also be used simultaneously.

20 Specific examples of the monomers include ethylene,
propylene, butene-1, pentene-1, hexene-l1l heptene-1,
octene-1, nonene-1, decene-l1l, 5-methyl-2-pentene-~1l and
vinylcyclohexene, but the present invention is not to be
limited to these compounds. Specific examples of the

25 monomers which constitute copolymers include the
combination of ethylene and propylene, ethylene and
bﬁtene-l, ethylene and hexene-1, and propylene and

butene-1, but the present invention is not to be limited



(pent af | uor ophenyl ) borate, tri (methyl phenyl)phosphonium 15 .
t et raki s(pent afl uorophenyl )borate and tri (di nmethyl -

phenyl ) phosphoni um t et r aki s( pent af | uor ophenyl ) bor at e, nost preferred

of these being tri(n-butyl)ammoni um t et raki s(pent af | uorophenyl ) borate
or N, N-di net hyl - aniIiniun1tetrakis(pgﬁtafluorophenyl)borate. 20

In the present i vegﬂion, the transition netal conpl ex represented by
the fornula [1], “PhE"EBRpEEMHCUNCES . (o) or further the conpound (B) may be

charged in any - desir or dg t the ti of _polynerization, Alter-
natigelyi anyydesired cghb?ﬁ%t?%§ﬁ8$ ?%e§8£%%§56635§°ﬁa95g§Slg B8%cont act ed
i th h oth s = | d d at

the time of pol yher CLERPAE1P"1nEed S Uhere may bHDuBEY Ebr"BXaliE1H7 0 @

respective catal ¥§ivent pof@HEP2RtSont B8 EEaPEG! bYEyREPPLRENLA RhErein
desirably used 26 such t hat

the nolar ragio aiipnatsenn?uﬁdcéf%ohg,thech as butanéeitpentaRey heaspkex
may fall within the range o - 0.1-10, 000, preferably 5-2,000, and the
nolar rati o of heptabhéeandnpotiane(Bartmathe hydnecarbonsgt ahchoapl ex may

5 fall within the range of 0.01-100, preferably 0.5-10. Wth regard
to the concentrabénnenefantctodveneti o8 halogenahegdshydvapanbans, waeaht hey
are used in the formof a .solution, the respective conponents are
desirably used @as methylengrdieblesident 2BEi BAeBf aghther ﬁgEVﬁném aadal 10
conpl ex represented by the formla L%#Bnay fall w thin t he range of
0.0001-5 mml /| G8F cPBASS| POSYBETLzoFhan/ fonducted in'gaseous monomers,

10 or high pressure polymerization in which the monomer is

in the supercritical state at high temperature and high
pressure. Further, polymerization may be conducted
either continuously or batch-wise.
The polymerization temperature may be in the
15 range from -50°C to +300°C, but it is particularly
preferably in the range from -20°C to +250°C. The
polymerization pressure may be in the range from normal
pressure to 2,000 kg/cm’G, preferably in the range from
normal pressure to 1,000 kg/cm?G. The polymerization
20 time, in general, is determined according to the kind of
intended polymer and the reaction apparatus, and may be
in the rangé from 1 minute to 20 hours. 1In the present
invention, chain transfer agents, such as hydrogen, may
be added to control the molecular weight of the

25 copolymer.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention is described below in



t he concentration of the conpound (A) in ternms of A atomw thin the
range of 0.01-500:-nmol /|, preferably 0.1-100 mmol /I and the conpound
(B)- within the range of 15 0.0001-5 mmol /I, preferably 0.001-1 nmol /1.

In the present invention, the nonomer used for pol ynmeri zati on may be
any of the olefins and diolefins - each2fith the nunber of carbon atomns
of 2-20. Two or nore ki nds of nononers nay al so be used

si mul t aneousl y. d?ﬁallsﬁeEhfFEfﬁﬁﬁﬂﬁFe§° Fx?ﬁElﬁﬁnoPEFstPﬁcFﬂﬁéneﬁﬁ?Iéﬁe

propyl ene, but ene- xene-1 heptene-1, octene-1,
nonene-1, decene® 3% % %ﬁ€|?%é %ﬁ?ene 1 and vi nyl cycl ohexene, but

t he present I nvention is n t Q. d to._t e _Cco unds
Speci fic exanpl es of the @%e Srgﬁ%ﬁ%%gsmh E e??tgﬁéwgoﬁgFgﬁgwgleﬁclude

the CO”b'”@éf&”%QEeEﬁPMéﬁ”Bgagﬂepf8ﬁ¥bﬁﬂﬁg ﬁé?ﬁb&ge and

but ene-1, ethyl ene an exene-1 pr-opyl ene but ene-1, but the

present 'nV39t'0P155 fRtrirsbe vigtbsdty [1]: The intrinsic v1sc051t¥
27 to these conpounds. he met hod of polynerization

al so is not wapadétethankd bymsefg IheUBberwhhe #ssdombeerewatnl &,
sol vent pol ynerization or slurry polynerization wherein 5 al i phatic

hydr ocar bons, sutétaalbntsodutpentanel3begane, hept ane and oct ane,
aromat i ¢ hydrocarbons, such as benzene and tol uene, or hal ogenated
hydr ocar bons, su¢B®) a-Olafinecoptent: d|ThEOardéefanecgaeenaswahedsﬁevent
and gas phase pol yneri zation conducted in gaseous nononers, '
mined from the characteristic absorptions of ethylene
10 and a-olefin by using an infrared spectrophotometer (IR-
810, mfd. by Nippon Bunko Kogyo K.K.) and was expressed
in terms of the number of short chain branching (SCB)
per 1,000 carbon atoms.
(3) Melting point of copolymer: The melting point was
15 determined by using Seiko-SSC-5200 under the following
conditions.
Temperature increase: from -40°C to 150°C
(10°C/min), kept for 5 minutes
Cooling: from 150°C to 10°C (5°C/min), kept for

20 _ 10 minutes

Determination: from 10°C to 160°C (5°C/min)

Example 1

(1) Synthesis of transition metal complex

(1-1) Synthesis of 2-bromo-4-methyl-6-tert-butylphenol
25 Under nitrogen atmosphere, a dimethylformamide

100 ml solution of N-bromosuccinimide (22.25 g, 125

mmol) was added dropwise at 0°C to a dimethylformamide



10  or high pressure polynerization in which the nononer is in the
supercritical state at high tenperature and high pressure. Further,
polymeri zati on may be conducted ei ther continuously or batch-w se.
The pol ynerization tenperature may be in the 15 range from-50[err]Cto
+300[err]C, but it is particularly pré@Perably in the range from
-20[err]Cto +250[err]C. The ynmerjzation pressure may be in _the
range from nor mat00 M1 sglukigpreofo ZtBHB RBFBﬁtérmﬁFBYéPBSF9 ﬁ29h53r8mge
from nornai gress re to, 1, 000 kg/chG. The E meri zati on time
in general, is détarTRRdd WLEBr BELETLBIr nEPRi RESBL NG reFﬁFéﬁHeHl§5P§ﬁer

dth ' d th f
20 hours. - 1n tho"sheeeapdie BB KRR remprzrRurponbfoPEasERts totuth as

hydrogen, may - pou Ee added to control the nol ecul ar weight of the 25
copol ymer . BEST MODE FOR CARRYI NG OUT THE | NVENTI ON

The present gnvention is deRer 58edehe! Q¥s Ee%oved from the reaction
28 detail with reference to Exanp es ut the rnvention Is not

linmited thereto.mixture under red{[Eédp?Qéﬁéhtéii eheRObYOEMS SROWALER was
Exanpl es were determ ned by the follow ng nethods. 5 (1)

I ntrinsic viscosatigiefi[ eorthe rébeduelrandi chei sepaltyng mixtuae w@aser m ned
by usi ng an Ubbel ohde vi sconeter with a tetralin solution at
130[err] C extracted with ethyl acetate (extracted twice with 200
ml of ethyl acetate). The organic solution layers were
10 combined, washed with 100 ml of saturated aqgueous sodium
chioride solution, then dried with anhydrous magnesium
sulfate, and the solvent was removed. The residué was
purified by silica gel column chromatography to obtain
an oily product. The !'H-NMR spectrum data of the
15 product are shown bélow. The NMR data were obtained by
determination with EX-270 (mfd. by JEOL).
'H-NMR (CDCl;, 270 MHz) &: 1.39 (s, 9H), 2.25
(s, 3H), 5.62 (s, 1H), 7.00 (s, 1H),
7.15 (s, 1H)

20 (1-2) Synthesis of l-bromo-2-methoxymethyloxy-3-
tert~bﬁty1-5-methylbenzene
Under nitrogen atmosphere, a THF 50 ml
solution of 2-bromo-4-methyl-6-tert-butylphenol(23.41 g,
100 mmol) was added dropwise at 0°C with stirring to a
25 100 ml THF suspension of sodium hydride (60%, 5.20 g,
130 mmol). After 2 hours, a THF 20 ml solution of

methoxymethyl chloride (95%, 12.71 g, 150 mmol) was



(2) [err]-Aefin content: The [err]-olefin content was deter- m ned
from t'he characteristic absorptions of ethylene 10 and [err]-olefin by

using an infrared spectrophotoneter (IR 810, nfd. by N ppon Bunko
Kégyo K. K.) and was expressed in terns of the nunber of short chain
branchi ng (SCB) per 1,000 carbon at 8. (3) N@Iting poi nt of

copol yner: The I n o[ nt was eter ed b Sgj ko- SSC- 5200
under t he follﬂag%é dopw l%%nﬁ?t?%ﬁsmlxg SbE8s %p%ﬁ %fegbﬁgrease from

e 1O PRSI HSe mixture vascPEopTRE 8P 1BD cFbOR Pefiberdfikel Shad

for 20
10[err]Cto 16%f%¥¥?%:f%ferr]@%ayges The reaCtLOEbigéﬂlaa£hg% OB%§E?ﬁgsis

of transition grtabo608R! €% 0°c, 108-Hl S¥YNwALEkswaE added thereto,
2- brono-4-nethyl -6-tert- butylphenol 25 Under nitrogen

at nospheres a ghaethyl Agaesasdeayer wad08xtrasekdt withotoMNabnenosucci ni mi de
(22.25 g, 125 nmol ) was added dropwi se at O[err]Cto a

di met hyl f or manjédetracted twice with 200 ml of toluene). TEQ organi¢00 ni
solution of 2-tert-butyl-4-nethyl phenol (20.53 g 5 mol) with
stirring, the selutionglayecrsi warei gombéned, WaﬁhgdeéGQhﬂOmeﬂoofoom

tenperature and stirred for 5 hour s 5 The sal yent wa
removed from t Batpeasefdopqueous sodium chlorlde solution, then 8r¥eg S

with anhydrous sodium sulfate and the solvent was
10 removed. The residue was purified by silica gel column
chromatography to obtain a colorless oil. The lH-NMR
spectrum data of the oil are shown below. The NMR data
were determined by using EX-270 (mfd. by JEOL).
' lg_NMR - (CDCl;, 270 MHz) §: 1.41 (s, 9H), 2.27
15 (s, 3H), 3.68 (s, 3H), 5.20 (s, 2H),
7.08 (d, 1H, J=2Hz), 7.24 (d, 1H, J=2Hz)

(1-3) Synthesis of 3-tert-butyl-2-methoxymethyloxy-5-
methylphenylmagnesium bromide
Under nitrogen atmosphere, a THF 30 mi
20 solution of 1-bromo—2—meth6xymethyloxy-3-tert—butyl—Sa
methylbenzene (4.31 g, 15 mmol) was added dropwise at
room temperature to a tetrahydrofuran 50 ml slurry
containing 0.37 g (15 mmol) of magnesium and 0.001 mg
of iodine and, after completion of the dropwise addi-
25 fion, the reaction mixture was refluxed for 1 hour to
obtain a 50 ml THF solution of 3-tert-butyl-2-methoxy-

methyloxy-5-methylphenylmagnesium bromide (15 mmol).



m xture under reduced pressure, then 200 m of water was added to the
residueé, and the resulting mxture was extracted wth ethyl acetate
(extracted twice with 200 m of ethyl acetate). The organic sol ution
| ayers were 10 conbi ned, washed with 100 m of saturated aqueous sodi um
chloride solution, then dried w th anhydrouslmagnesi um sul fate, and
the solvent was renoved. The residue_was purified by silica gel

col um chromat oglaphy Ezngbesis of (3~irrérbytyloduiethprymedhyllaxyvR
spectrum data of the 15 roduct are shown below. _The NVR data were
obt ai ned by dete?ﬁﬂﬁ&gyéﬁhﬁPYR)Eﬁ42?6ePﬁPleﬂyh§EEﬂPh°SPhlne oxide
[err]HENMR (CDCl [err], 270 _NHz err]: 1.3 s,.9H), 2.

(s, 3H), 5.62 (s, 1H), 7.08“6?% %Hf?kgen 2tnb3pnet, ?.%@ pd THE soluyg

Lo but ol -es ot Biphe BE0ADe8HRbION 5L A Rty oy -methydphenyl 1.

tert-butyl-5-nmeth enzene

50 n 50! upbefeh uh- BrofRad  Teshod)! #hk: RukbPReagkA23 41 d7ge

100 mmol ) was adgeg Sropm@se at O[g?%]c ﬁﬁph%éti?ring togg 12% %%10 SWF THF
suspensi on of sogiium Bydirdag(€68% PH2059, m1 solu&@@nnﬁﬁbbheﬁ§ﬁ og-hours,
a THF 20 m sol ution of met hoxynet hyl chloride (95% 12.71 g, 150
mmol ) was phonic acid dichloride (2.92 g, 130mmol),adedd ttheopw se to
‘the m xture obtained above, the resulting m xture was brought up to

room tenperat urerasdlting sfiktnee fras birohghtsupThe reamt temperqdtudet hmnsl
obtained stirred for 2 hours. The resulting solution was cooled
10 to -78°C, a 50 ml THF solution of 9-fluorenyllithium (15
mmol) was added dropwise thereto, the mixture was
brought up to room temperature and then stirred for 12
hours. Then 50 ml of a saturated agqueous ammonium
chloride solution was added to stop the reaction. The
15 organic layer was separated, and the aqueous layer was
extracted with toluene (extracted twice with 50 ml of
toluene). The organic layers were combined, washed with
50 ml of saturated aqueous sodium chloride solution,
dried with anhydrous magnesium chloride and then the
20 solvent was removed. The residue was purified by silica
gel column chromatography to obtain 0.55 g of yellowish-
white crystals.
!H-NMR (CDCl;, 270 MHz) §: 1.58 (s, 9H), 2.19
(s, 3H), 3.75 (s, 3H), 5.22 (d, lH, J=4Hz),
25 5.76 (d, 1H, J=27Hz), 6.24 (d, 1H, J=4Hz),
6.72 (d, 2H, J=8Hz), 6.76 (dd, 2H, J=12, 1lHz),
6.92 (dt, 2H, J=8.3Hz), 7.05 (dd, 1H,

J=8' 7HZ), 7.2-704 (m, 4H)’ 7.45 (dd, 2H,



was cooled to Oferr]C, 100 mM of water was added thereto, 5 and the
agueous | ayer was extracted with toluene (extracted twice with 200 m
of .tol uene). The organic solution | ayers were conbi ned, washed with
100 m of . saturated aqueous sodi um chl ori de solution, then dried
wi t h anhydrous sodium sulfate and the sol ¥ént was renoved. The

resi due was purified by sLIica C r ography to obtain a
Eo:orleiﬁ Okbh ghe [err] = ng gpggnKEW1&§f 0§522$002Lf3reb8h322L)

el ow. e ata e e i ng - y
[err]HHNWR (CDCl [err], 290Yﬁ+g?g E% ? ?$ &525 2.27 (s,

3H), 3.68 (s, 3H), 5.20 _ 7.08 (d 1H, J=2Hz), 7.24
(d. 1H, J=2Hz) %-%-(%ﬁg) §§§nt hesis of

3-tert-butyl - 2- net hoxynet hyl oxy- 5- met hyl phenyl nagnesi um

brom de Under nitrogen atnosphere, a THF 30 mM 20

sol ution of 1-bromo- 2- newhexy FRhuboxy- datar,t thet yeliowish whitehyl benzene
(4.31 g, 15 mmol) was added dropw se at roomtenperature to a

t et rahydr ofur agryetall sbttaiyed was ddenziifiled @s373gtels-butly)l-@&- magnesi um
and 0.001 ny of iodine and, after conpletion of the dropw se addi -

25 tion, themeeaouwmethwlpuwe5wm§thyﬂphﬁawlﬂdﬁlpqm9m~ﬁn71)PhenY@btarn a
50 m THF solution of 3-tert-butyl-2-nmethoxy-

met hyl oxy- 5- mephpisphdmel mggﬁggp@nﬁyﬁbﬁpdéopggghﬁgpyctural formula.
31 (1-4) Synthesis of (3-tert-butyl-2-nmethoxynet hyl oxy-

QO

O=P-Ph
OCH:OCH3

(1-5) Synthesis of (3-tert-butyl-2-hydroxy-5-
methylphenyl) (fluoren-9-yl)phenylphosphine oxide
10 (3-tert-Butyl-2-methoxymethyloxy-5-methyl-
phenyl)(fluoren—g-yl)phenylphosphine oxide (1.7 g) was
dissolved in chloroform (100 ml), then a mixed solution
of methanol (10 ml), water (10 ml) and sulfuric acid (1
ml) was added thereto, and the resulting mixture was
15 stirred at room temperature for 8 hours.
Thereafter, the mixture was neutralized by
addition of a 10% aqueous sodium hydrox1de solution,
then the solvent was distilled off under reduced pres-

sure, water (150 ml) was added to the residue obtained,



5- et hyl phenyl ) (f 1 uor en- 9-yl ) phenyl phosphi ne oxi de - Under
nitrogen atnosphere, a 50 m THF sol u- tion of

3-tert-butyl -2-nmet hoxymet hyl oxy- 5- net hyl phenyl - 5 magnesi um brom de (15
mmol ) was added dropwi se at -78[err]C with stirring to a THF 50 nl

sol ution of phenyl phos- phoni ¢ acid di¥hloride (2.92 g, 15 mol), and
t he resulting m xture was brought up to room tenperature and

stirred for 2 ho@n8 thee resaditingy A tWEe Yafa S UG @ tvice ¢a 78[err] C,

a 50 m THF solution of ,9-fluorenyllithi,um mm% S added

dr opwi se. t her et o XHF@SH-A0u A& ent us%%ﬁ?’%ﬁ’&w rflddmftiempertur e and
then stirred for 12__. hours. ,.Then 50 nl of .a_sat urat.ed, a ous ammoni um
chl oride sol uti or?r\%géugd&ggetroogttgﬁ'nt ewraesa(?tolm(?r'}.neﬁfe d%:ﬁd wg‘r%ghni c layer

was separated, a u [ ac j ygne
(extracted tw Ce%\jﬁ\ﬂh&ﬁ‘ig@%ﬂﬁ%@ésﬁﬁ s\tmg'lsft?é:r?e)énﬁ)rggeglr E}tg% ‘gqﬁg@% wer e
conbi ned, waghed g4igll 11eq ofF0 M of saturated aqueous sodi um chloride
sol ution, dried with anhydrous nmagnesi um chl oride and then the 20
solvent was renoved. The med G idRe RBtfiRd MasSidridated by 4alidE0Igam
chromat ography to obtain 0.55 g of yell ow sh white crystals.

[err] HNVR (CDQ [column 2HEdfdtiogiaphyd&d ©btdin 12.319g of (3-tert-butyls,
3H), 3.75 (s, 3H), 5.22 (d, 1H, J=4Hz), 25 5.76 (d, 1H,
J=27Hz), 6.24 (d_2-bhsdrdx4i45-methylphenyl) (fluckerzA-¢;1 )M eni-AgHosphdngs
(dd, 2H, J=12, 1Hz), . 6.92 (dt, 2H, J=8.3Hz), 7.05 (dd, 1H,
J=8, T7Hz), 7.2-79%i@q ofHthey £ lowinpgtructural formula.

10 'H-NMR (CDC1l;, 270 MHz) &§: 1.25 (s, 9H), 1.92

(s, 3H), 5.11 (d, 1H, J=20Hz), 5.89
(dd, 1H, J=13, 2Hz), 6.78 (dd, 1H, J=8, 1Hz),
7.02 (d, 1H, J=2Hz), 7.07 (ddd, 1H, J=8, 8,
1Hz), 7.21 (ddd, 1H, J=8, 8, 1Hz), 7.33 (ddd,
15 2H, J=7, 7, THz), 7.5-7.6 (m, 3H), 7.66 (ddd,
3H, J=7, 7, 7Hz), 7.82 (dd, 1H, J=11, 2), 7.85
(dddd, 1H, J=11, 1, 1, 1Hz), 11.14 (s, 1H).

mop. 237-240°C

QIO

O=P—Ph
OH



32 J=12, 2Hz), 7.57 (d, 1H, J=8Hz), 8.11 (dd,

1H, J=7, 2Hz) mp. 234-236[err]C From t he above
data, the yellowi sh white 5 crystal obtained was identified as
(3-tert-butyl -2- met hoxynet hyl oxy- 5- net hyl phenyl ) (f1 uoren-9-yl ) phenyl -
phosphi ne oxide of the follow ng structural 3%rnula.

[err] 1-5) Synthesis of (3-tert-hutyl-2-hydroxy-5-
met hyl phenyl ) (f1 d(}r-’gr)- m‘%“ﬁmﬁh Y&é’ertﬂafgbl e pxide (fYuorenyl)-
(3-tert-Butyl - 2- net hoxy,

t.hyl - 5- hyl. -
pEFnylg(flu?£88-2{¥I)?Hgﬁﬁ%%%¥§§ﬁ¥§§3iﬁ%ﬁ?%%ﬂ%TQbiﬂﬂﬁi1:teﬁr7ﬁ5§ﬁg?ed i?
chl orof orm , . . . . of met hano , Wwater
gﬁ%%%ﬁjglﬁgﬂuﬁéﬂ?&16%10536%%

(10 mM) and sulfuric a was a thereto, and the resulting

m xture was 15 stirred g ¢ Wryg_er ; -y f&flé.ﬁ:&.@f”osf —béltfzo'lb}ithium
0

Thereafter, the nixture was neutralized Ition o aqueous

sodi um hydr oxi de (30leu19N.1 mmol) %@éd&é@fégﬁiié@%tdi(ﬁd hhigh Qi1
reduced pres- sure, water (150 m) was added to the residue obtained,

to a diethyl ether 20 ml solution of (3-tert-butyl-2-
hydroxy-5-methylphenyl) (fluoren-9-yl)phenylphosphine
oxide (0.226 g, 0.5 mmol), the resulting mixture was
gradually brought up to room temperature and further

10 stirred for 12 hours. The white precipitate thus formed
was collected by filtration and washed with diethyl
ether to obtain white powder. Then 10 ml of THF was
added to the powder to form a THF solution of phenyl-
phosphine oxide (fluorenyl)(3-tert-butyl-5-methyl-2-

15 phenoxy)dilithium.

In a separate reaction vessel, a 1 mol/l

toluene solution of titanium tetrachloride (0.5 ml, 0.5
mmol) was added to 10 ml of frozen (-196°C) THF. The
resulting mixture was brought up to -78°C to obtain a

20 yellow solution. To the solution was added dropwise the
above-mentioned THF solution of phenylphosphine oxide
(fluorenyl)(3-tert¥buty1-5—methyl-2—phenoxy)dilithium,
the resulting solution was brought up to room
temperature while being stirred for 12 hours.

25 The solvent was removed from the deep red
solution thus formed, and the residue was extracted with
toluene. The mother liquor was concentrated, then 10 ml

of n-hexane was added thereto, the precipitate thus



33 . and the resulting mxture was subjected twice to extraction
treatment using chloroform (10 m). The ~organic |ayer obtained was
conbined, dried with anhydr ous nagnesiun1su|fate and then the sol vent
was 5 distilled off. gg%esidue obt ai ned was treated by
silica gel - col um chronatography to obtain 1.31 g of (3-tert-butyl-

f OQYSCM"%Q& fﬁi%ﬁfr@%f ap ¥ eFet Yy HIRERIRENRE yaghed WIGE 2L ) 1e 0
1 S 1 -éﬁgt1
(dd,5 (lH, JE)13, 5"9%’36‘“96%?%&?”&9‘]3&89 %‘3&&919 (Bbwddi . 7){'0'?%39 1H,

J=2Hz). 7.07 (d dd 8. 8,
1Hz) | e (dgd%e#hm] dutdor g pRuder, axg sitown beod: ( mdr%étbfhmg- 66

(ddd, - data we'ﬁé djegernﬁnezcﬁzﬁy Jsﬁ?g (Eid-zﬂd* (wEdl.l, by?) JEQL B
(dddd, 1H, J—ll 1, 1, 1Hz), 11.14 (s, m p. 237-240C
[err] 'H-NMR (C¢D¢, 270 MHz) §: 3442 (m, (4}})6,) 1Sy8tt hesi s of
phenylphosphlne oxi de (fluorenyl 3

(3-tert-butyl-5-methyl - 2- pfeenowy) (t2102hyly 3H), 4.10 (m, 4H),
5.75 (d, 1H, J=26Hz), 6.31 (dd, 1H, J=12,
1Hz), 6.70-7.16 (m, 4H), 7.69 (dd, 1H,

J=7, 1Hz)

10 From the !H-NMR data, the orange powder
obtained was identified as phenylphosphine oxide
(fluorenyl) (3-tert-butyl-5-methyl-2-phenoxy) (tetrahydro-

furan)titanium dichloride. The yield was 32%.

050 £

° &

(2) Polymerization
15 An autoclave with an inner volume of 0.4 ¢
fitted with a stirrer was dried under reduced pressure

and the inner atmosphere was replaced with argon. Then



furan)tltanlun1d|chlor|de A 1.72 nol /| hexane sol ution of
.n- butylllthlun1 5 (0.6 M, 1 mol) was added dropwise at O[err]C with
stirring to a diethyl ether 20 m solution of (3-tert-butyl-

hydr oxy- 5- met hyl phenyl ) (f1 uor en-9-yl ) phenyl phosphi ne oxi de (0.226 g,
0.5 mmol), the resulting nixture was gbadual |y brought up to room

t enperature and further stirred for 12 hours. The white precipitate
t hus forned Ra@chFIEEFEﬁnﬁyaFlFPFa?Péﬁe&ﬁdaﬂﬂsﬁedmﬁnPﬁ Bﬁg?ﬁ?rl
ether to obtain Mhl%ﬁ i Then 10 Ei “ s to the
powder to form a®¥HE"€oPuP SﬁleW$ﬁsn9 2c8h { eﬁﬁbgph?ﬂg 5 FdEea°t°r was

0 & separat o r BEPRURY, B8.EF BY°6%, ptper BRE"EEatLERITi8R of i tani um
tetrachloride (0Og éqﬂleng was fed THEL) thBSradded.,! 8h19e”¥h8fe£ﬁgiggﬁerr]c

(-196[err]C) THF. resulting mxture was brought

to obtain a 520 aggheafsehﬂgleantrzgléaeaeohytkeycmas apesh e se the
above-nenti oned THF sol uti on of phenyl phosphi ne oXi de

(fluorenyl) (3-teihsbabybsfSthet Bybtémphaaosgeinki E8able, 1.0 mhBe besul ting
sol ution was brought up to room tenperature whi | e belng stirred for

12 hours. 25 triisobutylatumbdhumptthea be0oumdlf bénphbayliphpsphdne
solution thus fornmed, and the residue was extracted with t ol uene. The
nmot her |iquor waexideacéhfilnarenylffdnteédtrbutyl-5S-néthyhelapbenagyjedded
thereto, the precipitate thus 35
- (tetrahydrofuran)titanium dichloride synthesized in (1)
10 above, and then 15.0 umol of triphenylmethyl tetrakis-
(pentafluorophenyl )borate were successively charged into
the reactor. Polymerization was carried out for 30
minutes while controlling the temperature at 80°C.
. As the result of polymerization, an ethylene-
15 hexene-1 copolymer having an SCB of 14.3, [1] of 6.69
and melting point of 117.1°C was produced at a rate of

5.72 x 10° g per mol of titanium per hour.

Comparative Example 1
(1) Polymerization
20 An autoclave with an inner volume of 400 ml
fitted with a stirrer was dried under reduced pressure
and the inner atmosphere was replaced with argon. Then,
170 ml of toluene as the solvent and 30 ml of hexene-1
as the a-olefin were placed therein and the reactor was
25 broughﬁ up to'80°C; After the temperature rise,
ethyleﬁe was fed into the reactor while the ethylene

pressure being controlled at 6 kg/cm?. After the inside



'qunEd%mas collected by filtration and washed with n- hexane to

obtain 0.10 g of orange powder. The [err] H NVR spectrum data of the
powder are shown bel ow. The NWR data were determ ned by using EX-270
(nfd. by JEQL). 5 [err]H-NVMR (C[err]Dlerr], 270 MHz) 6: 1.42 (m
4H), 1.80 (s, 9H), 2.02 (m 33H), 4.10 (m 4FD

5.75 (d, 1H, J= ZGFE 6.31 (dd, 1H, J=12 g 6.70-7.16
(m 4H), 7.69 (d&f fhe system had becomg-ptapmfy 0. Zﬁommol o trletpﬂ@W|the

Lﬁ;{,]yﬂm’gpﬂ?;g TR N IS IS AP PN O T LA

(fluorenyl) (3- teggﬁp§&§ée%o$§§QX ﬁaﬂm?ﬁpx LSV Posi zed according

furan)titaniumdiC

[err] tp ghel e ﬁghyﬁ'é‘s%?&%a” wLRoE7 102375, 20, S A

an i nner volunme o with a stirrer was
reduced presgureand theﬁndstheumﬁﬁebfakﬁﬁﬁﬂﬁﬁ&QMQ%ﬁy&e&b%&%@;ﬂkb%n%bgﬁn

Then fluorophenyl )borate were successively charged into the
reactor. Polymerization was carried out for 60 minutes
while controlling the temperature at 803C.

As the result of polyﬁerization, an ethylene
10 hexene-1 copolymer having an SCB of 26.1, [n] of 3.78,

and melting point of 116.8°C was produced at a rate of

2.9 x 10 g per mol of titanium.

Example 2
(1-1) Synthesis of bis(3-tert-butyl-5-methyl-2-phenol)-
15 l-disulfide
Under nitrogen atmosphere,'in a Schlenk tube
fitted with a stirrer, 8.49 g (26.3 mﬁol) of disulfur
dichloride was dissolved in 40 ml of hexane. To the
solution was added 20 ml of a.hexane solution of 18.49 ¢g
20 (51.8 mmol) of 2-tert-butyl-p-cresol with ice-cooling
over 30 minutes, and the resulting mixture was stirred
at room temperature for 6 hours. Then the solvent was
distilled off under reduced pressure to obtain 10.62 g
of a yellow solid. The solid was dissolved in 20 ml of
25 hexane, and the solution was cooled to separate into a
precipitated pale yellow solid and a yellow sqlution.

The yellow solution was collected by separation, and the



36, . 170 m of toluene as the solvent and 30 m of hexene-1 as
the [err]-olefin were placed therein, and the reactor was br ought up
to 80[err]C. After the tenperature rise, et hylene was fed into the
reactor.while the ethyl ene 5 pressure being controlled at 12 '
kg/cmerr]. After the i nside of the S$stem had becone stable, 1.0
nmol of triisobutylalumnum then 5.0 [err] ol of phenyl phosphine
oxi de (fIuorenyl??QY?EFtWBEt9#552hﬁ?ﬁfo§-Ehﬁﬁﬁﬁy?m under reduced
(tetrahydrofuran)titaniumdichlotid ynt hesi zed.in (1) ..10 bove, .and
then 1570 Derr] nBFeBRaEe bcAbERLEngr 3 B Phepeyelitu' 361137 1REYE118

(pent af | uor ophenyl ) bgrate were.sugcessi.vely charged into,. he reactor.
ol yror | 24t L on HSLEr PREPBRECTER B8 aveloRIRbO8R arbRaiss, opdi FriE he

t t t 8 ' a i I ,
orperature at SPRESSE ge} g0 orck kol biEnlgoHbkafl-BRRUIR fAkEg"
6. 69 agd ”Ebihﬂﬁoﬁogﬁéxﬁﬁeliﬁeﬁ&éﬁélQ ¥a$)PaRHUEEHOS i ng tRkE Of

5.72 x 10[err] .g per nol of titanium per hour. Conparative Exanple

1 (1) Pol ygBlénti 8fom28he resulting ARaddiefl, a¥e wbthian3ii.aney of
vol une of 400 m fitted wth a stirrer was dried under reduced
pressure aadyehbtownsel idt noTheetp-Meas (Gt b edlwiehit Jakigaa oEhahe
170 m of toluene as the solvent and 30 mM of hexene-1 as the
[err]-ol efi n wer sopidcedet BRoennbahdwt heTheaMBr daka webe detewmglinedpblyo
80[err]C. After the tenperature rise, ethylene was fed into the
reactor while thuséngyREnd00 (200pMHz3ulwfdei by Bonkesl L&d-at 6 kg/cnferr].
After the inside
10 8: 1.37 (s, 9H), 2.19 (s, 3H), 6.53 (s, 1H),

6.99 (d, 1H), 7.11 (d, 1H).

Additionally, the !*C-NMR (CDCl; solvent) data
are shown below.
§: 20.51, 29.38, 35.03, 120.63, 129.07, 131.39,
15 133.92, 136.31, 153.20

From the !H- and !3C-NMR data, the yellow solid
obtained was identified as bis(3-tert-butyl-5-methyl-2-
phenol)-l1-disulfide of the following structural formula.

The yield was 34.4%.

OH ' OH



37" . of the systemhad becone stable, 0.25 movl of triethyl-
alumnum then 5.0 [err]nol of 2,2'-thiobis(6-tert-butyl-

met hyl phenoxy) ti tani um di chl ori de synt hesi zed accordi ng to the nethod
descri bed in W87/02370 and JP- A-5-230133, 5 and then 15.0 [err]nol of
tri phenyl net hyl tetrakis(penta- f1 uor 8Bhenyl ) borate were successively

charged into the reactor. Lgnerization was carried out for 60
i nut es whi 122t oSyRbheshg efiePiehprrartrbutyl sbrmeEhyl-2-

As th | f | h 0 h |y
it TR i A
titani um g Exarfplealgnger nlfﬁOQ$n5§ETﬂ§8P§r8f Fh'd ScRECaRPLuBl
b'3(3't¢rt'b“ty' ?t h¥it§ thﬁgﬁﬁ?r 1§f3%eg (8. &5dﬁ§§ig F Ris(3rersr

Under nitrogen a nDsp ere, in ehk

8. 49 26. N - hio 0 0 f
hexang.(To E%”“Dbﬁtfisg %%#% imasp%%%g%? Dy %$§E%f@§ﬁexiﬁe&¥§?8%?gﬁ o?1ig 49
g 20 (51.8 ”ﬂﬁi)oﬂfTﬁFIefﬁeﬁUQYQopmfr?ﬁﬁl4Wmﬁ815C@fcéﬁibfgtrlmeth?yer 30

m nutes, and the resulting m xture was stirred at room tenperature
for 6 hours. Thesildre swhy eadldedstheretodi ahdl thd PéSulbiRg hefuaed was
pressure to obtain 10.62 ¢ of a yellow solid. The solid was dissol ved

in 20 mM of 25 icéecanbedandThéretol wasofunbberoatidedt @.4epdr ald.Bnto a
mmol) of triethylamine, the resulting mixture was
10 gradually brought back to room temperature and stirred
at room temperature for 2 hours. After the mixed had
become a pale yellow suspension, the solvent was
distilled off under reduced pressure to obtain a pale
yellow solid. The pale yellow solid was dissolved in 50
15 ml of ether, the resulting solution was washed twice
with 20 ml of distilled water and once with 20 ml of
saturated aqueous sodium chloride solution, then dried
with anhydrous sodium sulfate for 2 hours and filtered.
The filtrate was stripped of the solvent under reduced
20 pressure to obtain 4.31 g of a yellow solid. The !H-NMR
(CDC1l; solvent) data of the solid are shown below. The
NMR data were determined by using AC-200 (200 MHz) (mfd.
by Bruker Ltd.).
8§: 0.37 (s, 9H),.l.36 (s, 9H), 2.19 (s, 3H),
25 7.04 (d, 1H), 7.10 (d, 1H).

From these !'H-NMR data, the yellow solid

obtained was identified as bis(3-tert-butyl-5-methyl-2-



pnécrphtated pal e yellow solid and a yell ow sol ution. The yel | ow
solution was coll ected by separation, and the

38 ¢ solvent was distilled off therefrom under. reduced pressure
to obtain 8.4 g of a yellow solid. The yell ow solid was purified by
devel oping on a silica gel col um (Si 140ca gel 60 Merck Ltd.) with a
hexane- benzene m xed sol ution (hexane: benzene = 5:1) and renoving

t he soIvenPhPFB%rFﬁémP§§Nﬂﬁﬂﬂ§ fP&@ﬁFﬁndlﬁéléB@&IﬁfStbP godflowing g

yel | ow sol i d. The err CDSI[err solv data of t he solid
‘are shown bel ow. ® %Bcﬁ a&g§8&W€ é- nWH& 4-3%si ng AC-200 (200

MHz) (nfd. by Bruker Ltd.). 10 [err]: 1.37 (s, 9H), 2.19 (s, 3H),
6.53 (s, 1H), 6.99 (d, 1H, 7.11 (d, 1H).

Additionally, the [err] CNVR (CDCl [err] solvent) data are shown
bel ow. [err]: 20.51, 29'3%A 35. 03, & 63, 129.07, 131.39, 15
133.92, 136.31, 153.20 OTMS k(o & [err]H and [err] G NWR
data, the yellow solid sS1 '
bi s(3-tert-butyl-5-nethyl -
structural fornula.

[err]

(1-3) Synthesis of 3-tert-butyl-5-methyl-thiocyclo-
pentadienyl-2-phenol trimethylsilyl ether

5 Under nitrogen atmosphere, in a Schlenk tube
fitted with a stirrer, 388.9 g (0.728 mmol) of bis(3-
tert-butyl-5-methyl-2-phencl-trimethylsilyl ether)-1-
disulfide was dissolved in 1.0 ml of methylene chloride,
and 123.3 mg (0.772 mmol) of bromine was added thereto,

10 whereby 3-tert-butyl-5-methyl-2-phenol-trimethylsilyl
ether-l-sulfenyl bromide was formed. The solution
obtained above was added by portions at -50°C to 2 ml of
a THF solution of 194.4 mg (2.21 mmol) of cyclopenta-
dienylsodium. The resulting_mixture was brought back

15 slowly to room temperature and sﬁirred at room tempera-
ture for 5 hours. Then the solvent was distilled off
under reduced pressure to obtain 620.7 mg of a liver
brown solid. The solid was dissolved in 30 ml of
methylene chloride, the resulting solution was filtered,

20 and the solvent of the filtrate was distilled off under

reduced pressure to obtain 518.2 mg of a liver brown



39 (1-2) Synthesis of bis(3-tert-butyl-5-nethyl-
phenol-trlnethyIS|IyI et her)-1-disul fide Under nitrogen

at nosphere, in a Schlenk tube fitted with a stirrer, 3.33 g (8.45
mol ) of bis(3-tert- 5 butyl-5-nethyl-2-phenol)-1- dISU|fIde was di ssol ved
in 30 mM of THF, then 2.20 m (17.4 rfbl) of chlorotrlnethyl

si |l ane was added thereto and the resulting n xture W@ i ce-cool ed.

Thereto was fur Bedidedddihe splid was purified Ry )RR XW%tJrﬁ/Ifaﬁnéhe t he

resulting mxture was adual Y. Jbrou ck roo ure and

stirred ats g6 ‘E?Fp ‘H‘Pb (f%‘rl (ﬂ%hjs t“éé %%A J:

becone a pale y W su RENS \ - I ff under
?qlgl. (ﬂﬁ ciev[%lé&%cf %:L ne be[xﬂéesﬁé hHte

reduced pressur I ow sol1d. pal e yell ow solid

was di ssol ved i %%er#é (fhéé% stl'lhféd}eéwat thﬁj.l‘f)smédd'lg-_ﬁé}{ Lgélﬁg\,m ¥ashed

tw ce W th er and once with

sat urat ed agueous, SRHUMBL KL 'ﬂ.%csﬁdﬁ I SBha D WHdee reducedM ﬁfbs”é’lﬁy@}’ ous

sodium sul fate for 2 hours and filtered. The filtrate was stripped of

t he sol vent undedo regstigiat 2205 mPressirted sabidi n Thed'HgNoR g Opelll;ow
solid. The [err]H NWR (CDCl[err] solvent) data of the solid are

shown bel ow. Thasolvent NMathtef Whee sieliad rare dshywnsbellpwAC- 200 (200 MHz)
(nfd. by Bruker Ltd.). [err]: 0.37 (s, 9H), 1.36 (s, 9H),
2.19 (s, 3H), 25 The NMRA4th vdje detidrniithed H)y using AC-200
Fromthese [err]H- NVR data, the yellow solid
(200 MHz) mfd. by Bruker Ltd.
10 §: 0.365 (s, 9H), 1.38 (s, 9H), 2.23 (s, 3H),
2.93 (m, 1H), 3.06 (m, 1lH), 5.99-6.19 (m, 1H),

6.29 (m, 1H), 6.43 (m, 1H), 7.07 (br, 2H).

From the 'H-NMR data, the red solid obtained
was identified as 3-tert-butyl-5-methyl-thiocyclo-
15 pentadieriyl-2-—phenol trimethylsilyl ether of the

following structural formula. The yield was 7.0%.

0TMS
s~

(1-4) Synthesis of (6-tert-butyl-4-methyl-2-trimethyl-
‘si ony-phenylthio ) (cyclopentadienyl) (trisdimethyl-
amido)titanium

20 In a Schlenk tube fitted with a stirrer, 50 mg



opit ai ned was identified as bis(3-tert-butyl-5-nethyl-

40 * phenol -trimethylsilyl ether)-disulfide of the follomﬁng
structural fornula. The yield was 94.5% [err]
(1-3) Synthesis of 3-tert-butyl-5-nethyl-thiocyclo-

pent adi enyl - 2- phenol trinethylsilyl ether 3% Under nitrogen

at nosphere, in a Schl enk tube fitted wwth a stirrer, 388.9 g (0.728

mol ) of bis(3- (0.223 mql)bmfwtea:nﬁéﬁwmzuqﬂwmmmmlé}myi}n%t%r-‘) 1-
di sul fide was dissolved in 1.0 m_ of neth%Dene chl ori.d qp 123. 3 ny
(0.772 mol ) of ms difl ri!é%\/a'g“%levdébﬁ ther&dtto W@B&"‘hm"i’c o=

grf)%;éeba/;glcf gr %@aﬂ?@r&}‘ [}%O oo nof'e hlyl Slq{r%esfdﬂ%]ove:% oéoéjeogcg porcil ons
ot SO[ErM]C 1o @ o Lorvend? ﬁgi%qléﬁ'é”}nloofl%ﬂlé% Rl ©

cycl opent a- resul ting mxture was ack 15
slowy to rgomt tﬁi{@réatgfj 1ﬁ"}cH urk OOPHE MRS @ ting soitﬂiﬁﬁ Gfa®
stilled of

hours. Then ™t he 'so vent was _ under reduced pressure to
obtain 620.7 ny Of;ddd V¥ 50°C £d¥ OVhétd hnd het SRboml v@fpsirssate eforn 30

m  of met hyl ene chloride, the resulting solution was filtered,
4 hours. Thereafter, the solvent of the solution was
distilled off under reduced pressure to obtain 95 mg of
brown tar. The !H-NMR (C¢D¢ solvent) of the tar was
10 determined by using AC-200 (200 MHz) mfd{ by Bruker Ltd.
The NMR data thus obtained are shown below.
§: 0.575 (s, 9H), 1.46 (s, 9H), 2.05 (s, 3H),
3.14 (s, 18H), 5.94 (t, 2H), 6.14 (t, 2H),

6.86 (d, 1H), 6.99 (d, 1H).

15 From the !H-NMR data, the tar obtained above
was identified as (6-tert-butyl-4-methyl-2-trimethyl-
siloxy-phenylthio) (cyclopentadienyl)(tris-dimethyl-
amido)titanium of the following structural formula. The

yield was 100%.

OTMS

3—@-Ti(NM92)3



20 and the solvent of the filtrate was distilled off under reduced
pressure to obtain 518.2 ng of a liver brown

41+ solid. The solid was purified by applying it to a silica gel
colum (Silica gel 60, nfd. by Merck Ltd.), fol |l owed by devel opi ng
w th a hexane-benzene m xed _ sol vent (%kxane:benzene 5:1), and then

renmoving the 5 sol vent of the fraction obtained under. reduced pressure,

to obtain 26.5 rd-5f) Symddesdls @ e HearttINR 4o 3-tri- 5ol vent)

data of the solid are shown bel o dat mere

det ermi ned by using A€@5@y1511°xWﬁRR?QM%ﬁhHﬁkicﬂﬁ}Qﬁ%ﬂ&$ﬁi

[err]: 0.365 (s, 9H), .38 .S 2 93 (m
1H), 3.06 (m 1H), dé té‘Y]fﬁ ‘ﬂ%)%l%‘an“im ‘ﬁ)dhl“ldée 29 (m 1H) 6. 4%

gg} i éH_)oi:)t Zu ggd(br, 2I_i)was iTferft Sﬁhéltfna]fs tfl%ezﬁreoé%bil“[]’? *% ocyc o-e red
ngmﬁgen¥|he yi g:ﬁ%@e& rif%&}gyl(% .'965-%M) ol t(*“E:e-tert bdﬁj}l-flitmélﬁ%}ﬁii@l ur aI
trimethylsiloxy-phenylthio) (cyclopentadienyl) (tris-
dimethylamido)titanium and 123 mg (1.51 mmol) of
dimethylammonium chloride, and then 8 ml of dichloro-
methane was transferred thereto under vacuum. The
10 resulting solution was stirred at -20°C for 4 hours and
at room temperature for 2 hours. Thereafter, the
solvent was distilled off undér reduced pressure to
obtain 303 mg of brown tar. The 'H-NMR (CDCl; solvent)
of the tar was determined by using AC-200 (200 MHz) mfd.
15 by Bruker Ltd. The data thus obtained are shown below.
§: 0.324 (s, 9H), 1.37 (s, 9H), 2.24 (s, 3H),
6.17 (t, 2H), 6.51 (t, 2H), 7.17 (4, 1H),

From the !H-NMR data, the tar obtained above
20 was identified as (6-tert-butyl-4-methyl-2-trimethyl-
siloxy-phenylthio) (cyclopentadienyl) (dimethylamido)-
titanium dichloride of the following structural formula.

The yield was 100%.

OTMS

S—v@—'T iCly (NMe,)



(1-4) pynthesis of (6-tert-butyl-4-nethyl-2-trimethyl -

S|ony phenyl t hi o) (cycl opent adi enyl ) (tri sdi net hyl -

am+do)titanium 20 In a Schlenk tube fitted with a stirrer, 50
ny ' _ 42 (0.223 nmol ) of
tetraki s(di et hyl ani do)titani um and 54.5 %4 mg (0.164 mol) of

Sther vere adadd=py’ s °C¥C' &(Paﬁﬁgﬁegiﬁr R et e s
trans- 5 ferred t %%9, I Toye gea%%wfe' 39 39l sqth s

stirred at 50[err]C urs Srat oy urs.
Thereafter, the solvel %&cﬂﬁo solutlon was distilled off under
reduced pressure to obtain of brown tar. The [err]H NWR
(Clerr]Dlerr] solvent) ofpgihe mr oFREn 18 of ol YoHAGS 1RY Wik AC- 200 (200
MHz) nfd. by Bruker Ltd. he NVR data thus obtained are shown bel ow
[err]: O.585 (hyd&uhenlcﬁﬁo&ade9unac%d05n(a,S%Hnenk tube fitted wi%hl4 (S,
18H), 5.94 (t, 2H), 6.14 (t, 2H)), 6.86 (d, 1H), 6.99 (d,

1H) . 15 stirrer whsomdied per 0]°d VR dat ,0.506 mamolgbtodi {ed taxdwe

was identified as (6-tert-butyl-4-nmethyl-2-trinethyl-
si | oxy- phenyl t g c#cﬂ@ﬁéwﬂa@r@mymﬁ@bwﬂ§4dDWWP@@BnYlthlo)dﬂwwdnpanﬂﬂﬂun(ﬁ

the follow ng structural fornula. The yield was 100%
[err] dienyl) (dimethylamido)titanium dichloride. The result-

ing solution was stirred at 0°C for 30 minutes and at
10 room temperature for 2 hours. The resulting suspension
was filtered by using Celite. Thereafter the solvent
was distilled off under reduced pressure to obtain 303
mg of brown tar. The 'H-NMR (CDCl; solvent) of the tar
was determined by using AC-200 (200 MHz) mfd. by Bruker
15 Ltd. The data thus obtained are shown below.
§: 1.40 (s, 9H), 2.31 (s, 3H), 3.88 (s, 3H),
6.67 (t, 2H), 6.78 (t, 2H), 7.26 (d, 1H),
7.31 (d, 1H).

From H-NMR data, the tar obtained above was
20 identified as (6-tert-butyl-4-methyl-2-trimethylsiloxy-
phenylthio) (cyctopentadienyl)titanium trichloride of the

following structural formula. The yield was 100%.

OTMS

S—@-'TiCl3



43 . (1-5) Synthesis of (6-tert-butyl-4-nmethyl-2-tri-
nmet hyl si | oxy- phenyl t hi o) (cycl opent adi enyl ) -

(dirmet hyl ami do) ti tani um di chl ori de In a Schlenk tube fitted
with a stirrer were 5 placed 270 ngy (0.505 mol ) of
(6-tert-butyl-4-nethyl -

trinmethylsil oxy- fhenylthlo)(cycl entadlenyl) (tri

di net hyl ani do) t i tXami urfyaHd esis (ﬁh%ﬂ.QWRQQPQﬂtadlenykﬂGﬁﬂ?@?%ﬂnnnlum

chloride, and then 8 of. djc net hane was transferr d thereto
under vacuum The Iﬂ“? 4 W?éféiﬂ%ﬁ?ﬁﬁ?%ﬁ%ﬂ§&§§9%HFeé rh&ﬂ §Cfor 4
hours and roon1t t 0 Thereafter. th

sol vent was di stl I | ed of f %?‘e‘? I?Lgcﬂlgc cgilezth suerteh‘?r con a:.n:brE% (?mﬁ% ng of

oo, ar. 10 UGl oSO sopyong ol d26ca5cicn o

thus obtained arg sshown el Wdded at 0°C 8de4rxilg @312312(&019 of 1(1657 (S

9H), 2.24 (s, 3H), 6.17 , 7 (d,
1H), tert-ﬁhﬁ%?(4kmdﬁﬁyl 2-trlmethyl5110xy$ﬁhéﬁjiﬁhi@y¥]FFNNR

data, the tar obtained ove was identified as

(6-tert-butyl - 4-tdidpehtadimiyyj titanium trichloride. The resulting

si | oxy- phenyl t hi o) (cycl opent adi enyl ) (di met hyl am do) - titani um

dichloride of teokutiawivas sitirted At {Gi¢nufer 1 minuttheand edll ¥@@M 100%
Lerr] temperature for 16 hours. The resulting suspension was
10 filtered by using Celite. Thereafter, the solvent was
distilled off under reduced pressure to obtain 46.0 mg
of brown tar. The !H-NMR (CDCl; solvent) of the tar was
determined by using AC-200 (200 MHz) mfd. by Bruker Ltd.
The data thus obtained are shown below.

15 §: 1.45 (s, 9H), 2.25 (s, 3H), 6.17 (t, 2H),
6.92 (t, 2H), 7.21 (d, 1H), 7.26 (d, 1H).

From the 'H-NMR data, the tar obtained above
was identified as (thio(cyclopentadienyl)(6-tert-butyl-
4-methyl-2-phenoxy)titanium dichloride of the fbllowing

20 structural formula. The yield was 67.0%.

. /Cl
t T



44 (1-6) Synthesis of (6-tert-butyl-4-nethyl-2-trinethyl-

siIoxyfphenylthio)(cyclopentadienyl)titaniun1 trichloride

To 15 m of chloroformcontaining dried 5 hydrogen chloride placed in a
Schl enk tube fitted with a stirrer was added at O[err]C 270 ng (0.505
mol ) of (6-tert- 46

butyl - 4-met hyl - 2-tri met hyl si | oxy-phenyl t hi o) (cycl opent a-

di enyl ) (di met hy| G RAITIFAZARERRNI or i de. The result- ing solution
was stirred at O[err]C for_30 nut es and at roomte erature for 2

hours. The resulting susd@ﬁ§? erlZlW%se?WY}%ﬁ%dwbEhLEﬁ% ¢zliiR the
Thereafter the solvent nder uce ressure to
Sheaim 505 | C SaE Banpen, At ain ERuhele ) £ Akt et TERTEnBkER&H] ot %t he

tar was de b (200 MHz) nfd. by Bruker 15
Ltd. The data t ﬁ&ﬁ% n%%’yzﬂr’é]egos WIEIIQ del oW. 6: 1.40 (s, 9H),
2.31 (s, 3H), 3.88 (s, 3H), 6.67 (t, 2H), 6.78 (t, 2H)
7.26 (d, 1H), 7.31 (d, 1H). From

[err] H NVR dat a, iddesteia DAppEshsbDvey was 20 identified as
(6-tert-butyl-4-nethyl-2-trinmethylsil oxy-

phenyl t hi 0) (cyct opent adi erys ) $et afvxith tabowk prackeoodindieto the poésentng
structural fornmula. The yield was 100% [err]
invention, a transition mental complex useful as an
olefin polymerization catalyst component in industrial
processes which has a ligand comprising an aromatic ring
10 having a hetero atom of the group 15 or 16 in the
substituent and a cyclopentadienyl ring linked with each
other through a divalent residue containing an atom of
the group 15 or 16 is provided. Further, by using a
catalyst containing the complex, olefin polymers,
15 particularly linear low density polyethylene, having a

high molecular weight and narrow composition distribu-

tion can be produced with good efficiency.



45 ., ., (1-7) Synthesis of thlo(cyclopentadlenyl)(G tert-

but yl - 4- met hyl - 2- phenoxy) titani um di chl ori de To 15 m of

di et hyl ether containing dried hydr ogen chlorld m“Lenk
tube fitted with a 5 stirrer was added at O[err]C W(I““}Nﬁ

of (6- tert-butyl-4-methyl-2-trinmet hy4di | oxy- phenyl tchi @)

(cyclopentadi enyl)titaniumtrichloride. The resulting sol ution was
stirred at Oferr]C for 1 mnute and at r o IMS : tenperature for 16 hours.

The resulting suspension s, .10 . filtered.by using Celite. Therteafter,
{he sotvent aas 100 G st FEARGHFLARIBPEPLALCHE B CERFEEBLER, kv tHE
ny of bro k ngl[err]H-NNR (CDCl [err] solvent) -of the tar was
determ ned by u5|ng & 2 (200 MHz) nfd. by Bruker Ltd. The data
t hus obtained are shown below. 15 6: 1.45 (s, 9H), 2.25 (s, 3H),
6.17 (t, 2H), 6.92 (t, 2H), 7.21 (d, 1H, 7.26 (d, 1H).
Fromthe [err] HHNWR data, the tar obtaHped above was identified as
(thio(cycl opentadi enyl)(6-tert-butyl- 3w 4- et hyl - 2- phenoxy) titani um
dichloride of the followng 20 strucfural fornula. The yield was 67.0%
[err] 1
/CP\JI/X
G. \xZ
1)
A (
he®
L 1

wherein M is a transition metal atom of the group 4 of

5 the periodic table of elements; Cp is a group having a
cyclopentadiene type anionic skeleton; A and G are each
a divalent residue containing an atom of the group 15 or
16 of the periodic table of elements and may be the same
with or different from each other; X!, X%, R!, R?, R® and

10 R* are each independently a hydrogen atom, halogen atom,
alkyl group with the number of carbon atoms of 1-20
optionally substituted with at least one halogen atom,
aralkyl group with the number of carbon atoms of 7-20
optionally substituted with at least one halogen atom,

15. aryl group with the number of carbon atoms of 6-20
optionally substituted with at least one halogen atom,
substituted silyl group with the number of carbon atoms
of 1-20 optionally substituted with at least one halogen

atom, alkoxy group with the number of carbon atoms of



46’ « (2) Polymerization polymerizing ethytene with
hexene 1in the sane nmanner as in Exanple 1( exene- 1
copol ymer can be obtai ned. 5 | ndustrial Appli Iﬂ"lﬂ! |IETLI

|

_As set forth above, according to the present “+nven nS|t|on
mental conpl ex useful as an olefin poﬂﬁnerlzatlon catalyst conponent

I n industrial processes_whi ch has a gand con3r|5|n an_aromatic
‘ring 10 having~ aohBPéﬁenaiéﬁlSPbFﬁétBFSGpWIShoPt epftt RBe halogen

substi tuent and a cycl ope ing li with. e
Chrough a di val cAEoResRABLEEIREN, AFRYP Ao Fr?’@f hunbe3° Bt carbes 85988 16

o ef1 ' polyirer o, o818~ 29yap?&eﬂe§}wysrlf°ﬁ§é%u% 78] 85" A5R5E: ROFRBI5KER ng
a hi gh ol SEI#]‘ %ﬁig'ﬁ; g!}gug%&%ﬂ’ %ngﬂﬁfnbbgnog' EhebBY atoms ol ON
W goo

can be produced

CLAl MS: 5 1. 6-20 op@:.bhﬂf!iyt bﬁBs'EEttﬁlte?g?rEitﬁxa%e%ﬁ%nbﬁg R4%16G8n

formula [1]
atom, or di-substituted amino group with the number of
carbon atoms of 2-20, provided that R!, R?, R3? and R* may
optionally combine with each other to form a ring; L is
a Lewis base; and w is an integer of 0-2.

10 2. The transition metal complex according to
claim 1 wherein M in the transition metal compléx
represented by the formula [1] is a titanium atom,
zirconium atom or hafnium atom.

3. The transition metal complex according to

15 claim 1 wherein A and G in the transition metal complex

represented by the formula [1] are each independently

represented by any of the following structural formulas

Q
_O_ , —S—— , -—.S-S— , -._.'SOI-—- , _.So'— ,.
0 S BX3,
" " 4
-—P—— ’ —-P—- ’ —P— ’ ——P—— , —-N-—
és ,'?5 és és és Y



(). . wherein Mis a transition netal
the periodic table of elenents; Cp is a group haV|

cycl opent adi ene type anionic skeleton; A and G are ﬂ!ml I’"I“ﬂ"&i Ilual ent
resi due containing an atom of the group 15 or dic
tabl e of elenments and nay be the sane 4% th or dlfferent from each
other; Xerr], Xh rr%, rb%] Eger%% Fgerr and 10 Rl err] are each

i ndependently a s F&38nRat g Hgeen BﬂT' hYdrO%?R??“g?BﬂBPwW%HhtﬁEe
nunber of carbon_at i tuted at | east

one hal ogen atorrf‘umger °§r5?EangPGHBSWPF fﬁ@ ﬁg@ﬁOG?né YﬁFGhE of

7-20 t bstit ut, th_at .| { hal t 5

Syl group with PREVRARBEPUE: WiER, ShepBiped Be ShEoa UG I b
bstituted with b ted |

aftﬁ {hg ﬁun%gr o? cgsg%% §P§%§E$88ﬁ” é%ﬂn$56h %ﬁa%fy gugstfiu¥edg&fgﬁ

at |east oneghal ggen ﬁﬂéo‘E‘raﬁ's‘i%%ngin%‘lﬁgl"“c&@ptl@i %?”o“;:rgl?%t ¢y bon

at ons of ionally
substituted Mﬂthcihlheéshh@&%lhahpgﬁnthe traflsQPiod’ aeuhorsngi@4P W th the
nunber of carbon atomns of 7-20 optionally substituted with at | east
one hal ogen repiresentedl yy theodprwulld fhg Asnaer ogfygear Aeemt ons of 5
6-20 optionally substituted wth at | east one hal ogen atom or

di - substituted a®i.no groupTet ktransitiobemedhl complex according to

claim 1 wherein G in the transition metal complex
10 represented by the formula [1] is represented by any of

the following structural formulas

o S BX?;
1" " +
—p—  —P—, —pP— , —P—
RS R® R® R® y

wherein R’ is a halogen atom, hydrocarbon group with the
15 number of carbon atoms of 1-20 or halogenated hydro-
carbon group with the number of carbon atoms of 1-20,
and X® is a hydrogen atom or halogen atom.
6. The transition metal complex acéording to
claim 1 wherein G in the transition metal complex
20 represented by the formula [1] is a sulfur atom.
7. The transition metal complex according to
claim 1 wherein R! in the transition metal complex
represented by the formula [1] is a hydrocarbon group

with the number of carbon atoms of 1-20 or halogenatedz



carbon atons of 2-20, provided that Rlerr], Rerr], Rerr] and Rerr] my

optionally conbine with each other to forma ring; L base;
and wis an integer of 0-2. 10 2. The trans“lﬂ“”"l"ﬁ"ﬂ”"ﬂmm
,according to claiml1l wherein Min the transitioh rfetal @onpl ex
represented by the fornula [1] is a titani ufPatom zi rconi um at om or
haf ni um at om The transitjon netal caonplex according to 15
claim1 wherein hygﬁacﬁFpﬁntﬁE°PPaW§FP| ShenBrmperorpl gxrbon atppsy @dedred
by the formul a [%b are each i ndependently represented by any of the
foll owi ng structtral fornulas [err]

sherein Rerr] 1§.2,12! 09ohna! oDyt 624000 OLgUB I okl asng cBuIDET Of

carbon atons of 20 or hal'ogenate on group w

nunmber of car bo”c%gﬁsl%héré%exl ancflr}pz Xhethk 'ti'a?lsm(:q. A9 i At O'@o?x{plex

hal ogen at om transition metal conplex according
claiml whergin fehPobBAtbHABY! Eh@nfaﬁﬁhac?ml Sl’e each heRRE8§BhCH BN .1 he

formula [1] Ts an oxygen atom he transition netal conplex
according to 9. claim 1Aﬂ/f16!LéE§lnpr!ﬂyanQﬂzaﬁﬂ§ht tatalpkal waeenl ex 10
represented by the fornula [1] is represented by any of the foll ow ng

structural fornutemprises the transition metal complex according to any

of claims 1-8 and a compound (A) described below:
(A) any one of the following compounds (Al)-(A3)

10 or the mixture of two or three thereof,

(Al) an organocaluminum compound represented by
the formula E'AlZ,,
(A2) a cyclic aluminoxane having the structure

represented by the formula {-Al(Ei)—O-}b

15 : (A3) a linear aluminoxane having the structure
represented by the formula E3{-Al(E’)-0-},AlE?
wherein E!-E’ are each a hydrocarbon.group with the
number of carbon atoms of 1-8 and all E!, all E? and all
E?® may be the same with or different from each other; %

20 is a hydrogen atom or halogen atom, and all Z may be the
same with or different from each other; a is the number
of 0-3, b is an integer of 2 or more, and ¢ is an
integer of 1 or more.
10. An olefin pblymerization catalyst which

25 comprises the transition metal complex according to any
of claims 1-8 and the following compounds (A) and (B):
(4) any one of the following compounds (Al)-(A3)

or the mixture of two or three thereof,



[err] wherein R err] is a hal ogen ato_IT‘dT‘GC‘aT‘bvn_g’rcm'p W th
the * 5 nunber of carbon atons of 1-20 or halogen carbon
greup with the nunber of carbon atoms of 1-20, pmg m& H”L

hydr ogen at om or hal ogen atom 6. The'« Si corrpl ex

according to claim1 wherein Gin thekransition netal conpl ex
represented by the fornmul

transition metal conplex g@&ér&ﬁh&ﬁﬂ§n°£iumﬁﬁgmlﬁQFRﬂﬂﬁ' 5$H£FSGAQ%9 by

transition netal_ comml e presented by the formula [1] is a
hydr ocar bon groﬁ";s1 rpm%atﬁtl}i.'e runber of carbon atons of 1-20 or

hal ogenat ed Sl AGatdon
group with the nunber of éaﬁyon ﬁ&ﬁ%&%) %lenoxane(yaéghg the The

transition netal. ng@gftdh,ula 1M lowker ei n: X[err] and
X err] |nthetra S|t|on rret conplex 5 {re;a)(rﬂggen\tﬂgg by the formula [1]
are each a lgal ogen atom (a3) a91.1.near aAhmiGicddre MRIWITRS iTas | sirnathde/ st

whi ch - conprises the transition netal conplex according to any

of clainms 1-8 anéprexymad by Ahdlcamdiad #ig-ad(E’)-0-} PAE®, any one
~of the followi ng conpounds (Al)-(A3) 10 or the mxture of two or three
t her eof , wherein E!-E* are each a hydrocarbon group with the

number of carbon atoms of 1-8 and all E!, all E? and all
E® may be the same with or different from each other; 2
10 is a hydrogen atom or halogen atom and all Z may be the
same with or different from each other; a is the number
of 0-3, b is an integer of 2 or more, and ¢ is an
integer of 1 or more.
(B) any of the following compounds (Bl)-(B3):
15 (Bl) a boron compound represented by the
formula BQ!Q%Q° |
(B2) a boron compound represented by the
formula J*(BQ'Q?Q%Q%)"
(B3) a boron compound represented by the
20 formula (L-H)* (BQ!Q*Q’Q%)"
wherein B is a boron atom in the trivalent valence
state; Q!-Q* are each a halogen atom, hydrocarbon group
with the number of carbon atoms of 1-20, halogenated
hydrocarbon group with the number of carbon atoms of 1-
25 20, substituted silyl group with the number of carbon
atoms of 1-20, alkoxy group with the number of carbon
atoms of 1-20 or di-substituted amino group with the

number of carbon atoms of 2-20, and may be the same with



(Al') an organoal um num conpound represented by the formila

E[ertTA Z[err] (A2) a cyclic alumn
structure represented by the fornula {- AI(E[eﬂmml “ﬂl
(A3) a linear al um noxane having the structur |+l epresemnt

formula E[err]{-A (E[err])-O}[err]Al E[err] . V\,hereln E[err]- E[err] are
each a hydrocarbon group with the - nunber_,of carbon atons of 1-8 and

all Elerr], all o[ 8iffexgatyfrom eaChEP&hﬂr mly b8 ?ﬂelgaﬁﬁaWFh°5r

di fferent from each qther; zZz 20 . gen ato hal t.0 and
all Z may be th@rganlc S&/%Fd OFirt fo &rs é’ﬁ F‘Fé%&fﬁﬁ' fe"1’a eotaﬁ’éf?&ﬁ'}ﬂs g‘ﬁe
nunber 0-3, b |s an .integer of 2 or nore, and c is an

i nt eger of 1 or amgr@ acid- An ol efin polymerization catal yst

which 25 ﬂﬂl‘l ses thehransitdon st é&l (Iﬁ)gg:glggﬁ( %}%qgﬂ}g}g g&cﬁ{ymg

of clainms 1-8 d“the foll W|ng comnmpoun

one of the §0| |y '&aﬁ?ﬁf@ol&d%d AediR the conPod (rH)XtJ!H etﬁfeﬂn/ﬂ-or

three thereof

(Al) an Organoa'aqmwomq%m%n@qmﬁmwm methymdnmmame

E[err] A Z[ err] a cyclic alum noxane having the
structure Epresent ed Iﬁy;ddyg fﬁﬁﬁn,pxa)duﬂr(cﬁ[zm rdlefln [polyjmed

(A3) a linear alum noxane having the structure represented by the
fornul a Ef err]{ wMNi(d{ efonpriddd arsiny Her rdlefin pokiewrerieation |cafakygt are
each a hydrocarbon group with the nunber of carbon atons of 1-8 and
all Elerr], all d&feondirgndtaldny of claims 9-11.

10 13. The process for producing an olefin polymer
according to claim 12 wherein the olefin polymer is an

ethylene-a-olefin copolymer.



H}yrj‘nay be the sanme with or different fromeach other; Z 10 is a

hydr ogen atom or hal ogen atomand all Z may be the sane with or
different fromeach other; ais the nunber =~ - of 0-3, b is an integer of
2 or nore, and c is an integer of 1 or nore. (B) any of
the foll ow ng compounds (B1)-(B3): 15 53 (B1) a boron conpound
represented by the formul a BC{err]&%erg*é%err] (B2)
a boron conmpound represented by the S¥ | a

Jlerr] (B err]Qerr]err ]hpqu%lgitfe%cgm%tal complex représl?gr)ntgd bl:%rrot e

conpound represented by t

(bm[mrﬂBQeq&%ﬁHHQﬂrﬂqmrn[mr] wherein B is a boron atom
in the trival ent” valence state; err]-Qerr] are each_a hal ogen
atom hydrocarbon group wi th the nunber of carbon atons of 1-20,
hal ogenat ed hydr ocarbon group with the nunber of carbon atons of 1-
25 20, substituted silyl group with the nunber of carbon at ons of
1- 20, al koxy group with the nunber of carbon atons of 1-20 or
di -substituted am no group with the nunber of carbon atons of 2-20,
and may be the sanme with Ly 52 or
different fromeach other; J[err] ig an inorganic or organic cation, L
is a neutral Lewi s base and (L-idjeNr] iyl a Bronsted acid. 11
The ol efin polynerization cataly t\ﬁ%xﬂf ing 5 to claim9 or 10 wherein
the conmpound (A) is triethyl-G atanghum  triisobutyl al umi num or
nmet hyl al um noxane. (1)
A
‘R
3 N R!

wherein M is a transition metal atom of the group 4 of

5 the periodic table of elements; Cp is a group having a
cyclopentadiene type anionic skeleton; A and G are each
a divalenﬁ residue containing an atom of the group 15 or
16 of the periodic table of elements and may be the same
with or different from each.other; X!, x?, R!, R?, R® and

10 R* are each independently a hydrogen atom, halogen atom,
alkyl group with the number of carbon atoms of 1-20
optionally substituted with at least one halogen atom,
aralkyl group with the number of carbon atoms of 7-20
optionally substituted with at least one halogen atom,

15 aryl group with the number of carbon atoms of 6-20.

optionally substituted with at least one halogen atom,



12.. .. A process for producing an olefin polyner whi ch conpri ses
u3|ng the olefin polynerization catal yst according to any of clains
9-I1. 10 13. The process for producing an ol efin polyner

. according to claim 12 wherein the olefln Eolyner i's an

et hyl ene-a-ol efin copol yner. 4

substituted silyl group with the number of carbon atoms
6f 1-20 optionally substituted with at least one halogen
atom, alkoxy group with the number of carbon atoms of 1-
20 optionally substituted with at least one halogen

5 atom, aralkyloxy group with the number of carbon -atoms
of 7-20 optionally substituted with at least one halogen
atom, aryloxy group with the nuﬁber of carbon atoms of
6~20 optionally substituted with at least one halogen
atom or a di-substituted amino group with the number of

10 carbon atoms of 2-20, provided that R!, R?, R® and R‘ may
optionally combine with each other to form a ring; L is
a Lewis base and w is an integer of 0-2,
an olefin polymerization catalyst and a process for

producing olefin polymers which uses the catalyst.



